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ABSTRACT

High- resolution spectra of }1?16() were recorded wilh a Fourier-
tryansform spectrometer covering tlransitions in the (100)- (010),
(001)-(0120), (100)-(000), and (001)- (000) bands. The measured line
freguencies were used 1o determine high accuracy values  of
rotational cnergy levels in the (100) and (001) vibrational states.
Mcasurements of the line strengths were fitted to a model in which
19 transition moment paramectcers were determined for the B-1iype
bands and 8 parameters for the A-type bands. The fitling technique
did not consider interactions between the (020), (100), and (001)
vibrational stales. The experimental resulis provide a nore
accurate representation of the line positions and strengths than

those presently available {for thesce bands.,
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1. 1 NrRODUCTI ON

Thi § | s the sccond of three papers invelving the (020) , (1 00)
and (003 ) vibrat i onal st at es of 1,0,  The f 1 rst paper’ cover ed hi gn
resol ul | on w eca s urements and anal ysi s of the (02.0)- (010) ana (020) -
(000) bands of 11?1(’0, }1?170, and 11?180. The present st udy |nel udes
measu rement s of the (10 0)- (010), (001)- (010) , (JOO))- (OO0) , and
(001 ) - (000) bands of 1,'%. Thi s study (as wel 1 as the previ ous
repor t ') does not inc) ude a pert urbati on t reatment of t he dat a.
1nst cad, t he measured 1 i ne stre ngt hs f or cach band were anal yzed
usingaone band f 1t and t he comput ¢d results represent unperturbed
Val ue’ s.

Sever al reports®¥  have  been  publi shed  Whi ch i ne) ude
mea surement s and/or cal cul at 1 ons of 1 1 ne posit | ons and st rengths
f or some or al 1 of the barmk:oflbwo nol ed above . In addition
bearson et 51 , ' measured a few rot at | onalt ransit i onsi nexcit ed
vibr at jonal states using millinet er and submi] Jimet er 1 aborat ory
t cchnid ques  ant] observed f reguencies i nt he (000)-(000), (030) --

(010), (020)- (020), (2300)- (10 0), and (001 ) - (001 ) bands of 1,"%0.

2. EXPERIMENT

The experimental details are the same as those discussed in
the first report' on the 2v,~v, and 2v, bands of 1,0. The
experimental conditions used in the present study are given in
Table 1. 11 was noted in the previous paper and an carlier report't
that a swmall amount of formamine was found to be absorbed onto the

cell walls on the 6-w base transversal cell (runs with path Jengths



> 2.39m) and this was always present in the recorded spectra.
Although the presence was minute, certain regions were inaccessible

for mecasuremcnts of H,0: nawmcly, the 1711-1800 SR region and

several arcas between 3500 and 3600 o',

Inpurities were not obscrved in the spectra obtained with the
2.39 m long absorption cell. Nevertheless, mediun to strong
absorptions of }1?1"0 contained added contributions due to a
combination of narrow, Jlow-pressure absorptions as a resull of a
small amount of water vapor (%0 Lo 200 um total pressure) in the
vacuum tank which enclosed the FI'S and air-broadcened }1?“’0
absorptions due to the 1,0 content in the open spaces between the
IR source and vacuum tank. These added contributions were very
uscful in the analysis of the stronger lines from the scans
obtained when the 2.39 m cell was evacuated.

The line centers were measured with iwo computer programs.
One, Jlabeled 1INEFINDER, delermines line center positions and
rcelative absorption peaks, and the other uses the technique of
nonlincar least-squares (N11.S) in which absorption line positions,
St rengths, line w dths and cont i nuum paraneters are fitted
simultancously iNn an i nt eract ive mode. The 1 at t er techni gque was
used to determ ne experinental val ues of 11 ne st rengths and the
maj orit Yy of 1 ine center values. These compul er al gori thins have
been used | n several previ ous st udi es™'?, 1 n the present study
the majorit Yy of 1 ine center values usced I N the anal ysi S were
det ermi ned USing t he NI S progr am W ih unapodi zed Spectra . 1In the

majority of cases two 1 |1 ne posit ions for a given }I?"’O absorption



were i nput to theN11s program: one represent ing the S| i ghtly
shi f ted, pressure broadened cont ribut i on and t he ot her for the
desi red 1 ow-pre ssure f eature. Fort he St rongest 10 nes, t hree 1 i ne
posi t I ons were input t o the NIl § program: t he tWo not ed above and
t he cont ri hut ion representi ng the 1 owpressure 1,0 cont ent i n the
vacuum t ank. The optical densit y of B,% int he vacuum t ank was
est abl i sheda fromenpty cel 1 (2. 39m path 1 engt h) runs obtai ned in
the 2.°/fr0 recg on as wel ]l @S cograrabl € resul tS in the 6. 2un
region'. 1The measure’'c] 1 ine posit i ons were cal ibrat ed ant] corrected
by ref crence to known I, ant] N0 frequenci €S and these

standards were used in the previ ous study

3. ANALYS1 S
The guant UM assi gmments of the mecasured 1,'% transit I ons in
the v,-v

Vi V., v, , and vy bands were determined with the sic] of

2!
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the }1,0 coupi lat | on by Flaudet al which IS al SO included in the
HITRAN database'. The rot at i onal energy 1 eve] s in the (1 00) and
(001) vibrat ional states were derived by the additi ont o cach
measured transit i on freguency of the (100)-(010), (100)-(000),
(001)~(020), and (003 )- (000) bands, the appropr i ate 1 ower st ate
level given I N Ref. 16. These resul ts were wei ght ed and t hen
averaged for each level. ~able 2 1 ists value's of the rotat.ions]
cnergy 1 evels and estimati ons of the uncertainti es for the (1 00)
and (001 ) stat es obt ained in this study.

The experinental sirengths were analyze d by the met hod us edin

thefirst. paper'. This method IS based on fit t | ng the neasured

te



1 ine strengths Dby least -sguares to model s in which the dipole
moment mat ri x e] emer ils are represented by expansi on coef f | c¢i ents;
19 terms f-or B-type {ransit ions and s ternms for A--type transit i ens.
The B- type anal ysi s was used I N Ny previous studi es' 141921 and the
At ypet ransit i ens; of the v, bands of HD% and HD%? were t rest eq
with the 8 coefficient fit. Bot h types of ai pol e expansi ons were
developed and descri bed by Maud ana Carey- reyret’ with 8
coeff i cient S for each. fThe extra 11 coef ficients used here were
found to be necessary for the anal ysi S OF the v, bands of 1,0 ana
o arid }1,°0” and al so appl ied i n ny work on the B-type v, bands
of 1bY%0 and H D¥0? and p,'%0 and p,'%?' . The B--type matri X el cments
are given in Table 3 and the A-type el ements are 1 | sted in Table 4 .
The f | rst 8 el ement S given i n rabl € 3 and all & el enents given in
Tabl € 4 are the same aS those given by Flaud and Carey- reyret®
a] t hough they are. given here i N a somewhat di f f erent format from
that presented in Ref. 9. Addit ional terns found neccessary for B-
type bands of H,0, HDO, and 1),0 were not. needed in the analysis of
HDO A-type transiti ons in the v, bands?®. in the present- study, it.
coul d not be delermined i f additi onal terms were needed in the
analysis of the v, and vy~v, bands due: to perturbati on effects anti
therefore the 8 terns presented in Tabl € 4 and in Ref. 9 were used.
The measured 1 | ne strengths were 1 east -squares f | tt ed by using
the dipel e moment expansi on coceffici ent S 11 sted in Tabl es 3 and 4
and kgs. (1)-(3) givenin Ref. 3. The matri X el ements of the
directi on  cosi nes were comput ed f rom the Vi brati on-rotat i on

paranmeters given by Toth' for the (000) and (01 0) states and from



¥1 aud and Camy-Peyret.’ for the (1 oo) and (001 ) states. Va] ues and
associ ated estimated uncertaint ies of the matri X elements of the
expa nded dipol € moments derived fromthe f itS are given I n Tabl ¢ 5.

The 1 ower porti ons for the entri es f or ecach band 1 i st S the? number
of 1 ines fitted, the values of the standard deviation in percent,
0% of the 1 1 ne strength fit s anti the frequency extent of the 1 i nes
used in the fits. Measured 1 i ne strengths of transit ions strong] y
af fected by resonance ef f ect s were not incl uded i N the anal yses.
Nevertheless, it was very difficult to fit the v, band mainly due
toint eracti ons Wit h the st ronger v, band. The fit of the v, band
1 equi reel  separa | ng t he measurements into 3 sets with each set
represent i ng a frequency interval . This met-hod was used in the
anal ysis of the v, band of 1% . However, in the present case,
the fits were overal 1 not good as exempl i f i ed by the rather large
values of o% given in ~ able s especially o% for the high frequency
set of the (1 00) - (000) band.

Included in ‘Table 5 are values of matrix elements derived in
other studies: The (100)-(010) and (001)-(010) bands by Flaud et
al .” and the (100)-(000) and (00) )-(000) bands by Flaua and Carey -
reyret®. Those . studies® '’ took into account the interact-ions
between the three vi brational states (020) , (100) , ana (001 ) and to
Conpare those results to the pres ent values for the (100) -- (01 O and
(300) - (000) bands involves uncoupl i ng the Ferm -t ype, far
interact ions between the (020) ana (100) states. The method used
inthe f i rst. paper!' and used here was to apply the foil ow ng

expressi ons:



C

52 = b3/ (Fy = K,)
C?3 = h}?/(}‘l2 - }‘23)

. PN
Copo = G35 = (1 = Cx9)

1°(3) = Cpolp(3) 4 Cpaiz(J)

H5°(3) = Cysiy(3) 4 Cyny(3), (1)

where hy, 1S the f i rst order coupl ing constants between the (1 00)

state (labeled 3) and (020) state (labeled 2) . Ey, and k, are the
observed rotati onless energy levels for the (100) and (020)

vibrati onal states and g (j ) are the mat rix el ements obtained i n
t he other studies®'°, #¢(-]) are the uncoupl ed const ants
represent. ing the other studi es and the conputed val ues are included
in Tabl e 5. The conputed values of u°(j ) were derived fromkekg. (3 )

using the coup] ing constant_, h, given in rRef . 7 and the matrix
el ements, u (j), given in Refs. 9, 10. These conputed values
represent. a f i rst approximate on to the uncoupl ed constants. Hi gher
order ternms, h,'etc., and more involved expressions than those
given in Eq. (1) arc involved in obtaining a higher order
approximtion of u°(j) . However, the first order results given in

Tabl ¢ 5 are good approxi mati ons.

4. RESUITS

Table 6 lists line.s of the transitions observed in the (100) -
(010) and (001)-(010) bands of n,®o. Entries for the table include
the observed 1 ine position, the observed minus the conputed 1 ine

posi tion (0-c) , rotational quantum assignnments, the observed



strength, the estimated uncertainty in the nmeasured strength (%) ,
the observed mnus the conputed 1 ine strength in percent [ (0-O %),

and the rati o0 R of the observed 1 ine strength to that given for

Hy'%o i n the tabul ati on by ¥l aud et al .10 (and in the 1992 edit ion of

the H1 TRAN dat abase'™ and Ref. 13 ) . mhe conputed 1 i ne strength
values are given in place of the percent differences in the colunn
f or (0-c) %if the magnitude of (0-Cc)%is 12% or greater. The
majority of these entri es are of transit-ions which are noderate] vy
t o strong] y perturbed. The values for the 1 ine strengths are in
units of inverse square centineters per atmosphere (1 atm=760 Torr)
whereas the values given in Refs. 10,14-15 are given in cm™'/ (mol
cn?) . Therefore values from Refs. 10, 14-15 were converted to
inverse centineters squared per atnosphere by appl ying the factor
2.48 X 10” (at 296K) to determine the values of R given in ~" able?
6. The experimental | i ne strengths are presented inthe tabl e for
a tenperature of 296Kk whereas the sampl € temperatures of several of
t he spectra fromwhich the strengths were determi ned were? s] i ghtly
different than 296K. These values were converted to those for
7= 296K with the use of the equations given in kg. (2)inref. 1 and
the v, rotat.ions] levels given in Refs. J6.

The observed poOsSitions are given to three, four, or five
decimal pl aces in Tabl e 6 whi ch indicates the accuracy of thes c
measurement s.  Obviously, the npbst accurate estimtes are given
with f ive signi f i cant f igures past the decimal , and as was reported
i nRef. 1 the absol ute uncertai nty for these measurements IS 4 6 X

30-5 cn’! The conputed 1 i ne positions were derived fromthe




rotati onal energi es given in Table 2 for the (100) and (003 ) states
and the levels given for the (010) states given in Ref. 16. An
asl eri SK next to the 1 i ne positi on value denotes a doubl ed
absorpt i On involvi ng two transiti ons whi ch were not adequate] vy
resolved in the spectra. The quantum assignnents given f or these
fecatures are for the stronger Of’ the two and the values of the
observed and conputed strengths represent the sumof” the Strengths
of the tWO comparable transi ti ons.

The conputed 1 ine strengths were derived from the dipole
noment expansi on coefficients given in Table & and kgs. (1)--(3)
given in Ref. 1. Not. al 1 of’ the 1 i ne strength measurcnents given
inl’ able 6 were included i N the 1 east-squares anal yses. Entries
Wth %$s=1 5% were not. incl uded because these transi tions resulted in
averaged val ues with uncert ai nties of’ as nmuch as 60%t 0 possibly
less than 10% 1this range of wuncertainty for each of these
t ransit i ons arises fromone or nore of the fol 1 owi ng reasons: (a)
bl ending (b) weakness of transition intensity and (c) poor
agrecment between val ues derived fromthe various spectra. O her
entri €S not included iN  the 1ine st rength analyses were
transi ti ons strong] y perturbed due to resonance int eractions and
t he computed strengths derived for these transitions in Table 6
represent the unperturbed val ues.

Tabl ¢ 7 is @ 1 i st | ng comparabl € I n content to that of Tab] e 6.
This tabl € 11 sts the neasurenents and conputations for the (1 00) -
(000) band of m,o. Also included in ‘I"able 7 are a few transitions

of which the conputed strengths given by ¥1 aud et a1l .13 (and
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i ncluded i N the HITRAN 1i st ing"™) were much 1 arger than e€st. imated
in this study. These 1 ines are denoted with an "UL. »in place of a
val ue for the %s entry. 1 i fact. t here were No apparent. absorpt ion
features I N any of the spectra within 3+ O 015 cn'! of the ] isted
frequencies for these? 1ines and the observed 1 i ne strength val ues
represent. upper 1 imi t val ucs.

Values of R given in Tab] € 7 were derived from conputed 1 ine
strength values given in Refs. 33 and 14. 1t should be noted that
the conputed val ues derived by F1 aud and camy-Peyret® severs] years
ago di f fer sonewhat. from those reported in Refs. 13 and 14.  The?
conput ed st rengths given in Ref. 13 were derived from an anal ysis
of unreported neasurenments obtai ned, for the nost part , with a
grating spectrometer With a spectral resolution of’ O 03-0.05 cn'
and these same val ues were incorporated in the HI TRAN database'.

Table 8 1S @ list ing for the (001)-(000) band and is simlar
in content to that of Tabl e 7. The previous conputed values of 1 ine
strengths used to determne values of R are also given in the
HITRAN database’s.

The high accuracy neasurenents of H,'%0 pure-rotati onal
frequenci es obtained by Pearson et al .15 are presented i n Tab] e ¢
f or their observati ons i n the (100)-(100) and (003)-(001) bands.
Included in this tab] e are conputed frequencies derived from
rotational energy level s given int.his study and 1i steal i n Tabl e 2.
The tabl e 1 | sts the rotat | onal quantum assi gnments, band, neasured

5

frequency given bLy Pearson et al.'” ( converted from negahertz to

inverse centineters with the speed of 1 ight as 2 .99792458 x 1010

31




cm's) , the computed frequenci es f rom ny work, the uncert ainty, un,
of the computed freguency, and the di fference, A, between the
measured and computed freqguenci es. The val ues of un are based on
the est imated uncertaint ies of t he tWO rotat ional 1 evel energies

i nvolved in a transition and comput eda fromt he expressi on,

un = (un/ 4 un?)*, (2)

Werre un and un, are the uncertai nt ies of the two invol ved
rot ational energies. Inspection Of the values of un and A shows
that t.here is good agreenent, on the average, between the mea sured
and computed frequenci es W thi n the limts p] aced on the comput ed

val ues .

5. D] scussi oN anD CONCLUSI ON

More than 2000 transit i ons frequencies measured i n this study
were determned to an absol ute accuracy of O 0001 ow' (3 MHz) or
better for the majority of the 1 ines. ‘1" he experimental |ine
strengths were fitted by 1 east- squares to a nodel which i ncl uded 19
dipol e nonent. expansion coeff i ci ents for B-type transitions and 8
terns for A-type t ransiti ens. The fitting technique did not take
I nto account the interactions between the vibrational st ates (020)
(1 00) , and (001) and theref ore the computedstrengths derived i n
thi s study represent unperturbed val ues. These results, incl uding
t hose? of the previous study', wi 11 be fitted to a theoreti cal nodel

wh ich includes interactions between the t hree | nteract i ng

12




vi brational states.
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Tab] ¢ 6. Line ﬁosi tions (cm ) and strengths (ecm?/atm. at. 296K)
observed in the (100)-(010) and (001)-(010) bands of m,%o.

observed upper Lower observed observed upper lower observed
position o-c J KKe J KgKe strength X8 (o-c)%'R position ©-¢ JKag Kc  JKg KC strength Xs (0-c)%? R

(100)-(010) bard 2024.3390 8 5 3 2 4 4 1 6.81[-07 5 2.30£-06 0,65
1820.8703 -42 4 2 3 3 2 1.350-05 10 9.36F -06 1.41| 2027.3283 -3 3 3 0 4 2 3 4.25-0610 2.80£-06 1.04
1852.9587 2? 3 2 2 4 3 1 6.22E-06 4 -3.4  0.91] 2028.32897 2 111 2 0 2 1.05-055 -4.1  0.95
1859.9482 2 321 4 3 2 2.306-05 5 11.6  1.0[ | 2032.2923 30 2 02 211 2.76[-05 3 -2.5 0.90
1862.8786 126 7 2 6 8 1 7 1.12e-06 10 1.736-06 1.05| 2039.94793 7 101 1 1 0 7.5E-05 3 -4.5 0.88
1871 .7?274 24 6 1 5 7 ? 6 5.32£-0610 2.94E-06 2.6(| 2043.1667 -38 3 2 1 4 1 & 3.40E-06 10 2.82t-06 0.93
1874 .780.4 35 8 1 8 9 0 9 4.82 -0610 6.42€-06 1.2(| 2053.0533 4 3 1 3 2 2 0 1.756-06 5 1.44E-06 0.97
1881.07856 -6 2 2 1 3 3 0 3.426-05 3 -0.2  0.92| 2058.24035 26 & 1 4 3 2 1 4.4EJE-06 4 1.1 0.80
1882.5180 0 2 2 0 3 3 1 1.00[-05 5 -14.2 0.8(| 2059.1083 50 4 2 2 33 1 6.006-07 10 1.10[-06 0.49
1894.9216 68 7 1 7 8 0 8 2.41-0610 4.30£-06 0.87 | 2059.2151 31 5 2 4 4 3 1 1.26(-06 10 1.39£-06 0.75
1895.7(07 -75 8 2 7 8 3 6 2.33-06 10 1.63E-06 1.37]| 2063.0890 21 8 2 7 7 3 4 1.126-06 10 8.85E-07 1.32
1898.593 111 5 3 3 5 4 2 2.20E-06 5 2.95(-060.87 | 2068.8967 0 6 2 5 5 3 2 2.25-0610 3.39[-06 0.57
1900.31814 85 6 3 4 7 2 5 2.1 0FE-0610 3.64E-06 1.0f| 2070.6418 1 7 2 6 6 3 3 3.326-07 10 6.4BE-07 0.47
1901.24010 42 & 3 2 4 b 1 6.66E-06 3 9.33E-06 0.84 | 2072.4888 18 9 4 5 8 5 4 1.56[-06 4 2.86E-06 0.51
1902.0755 -10 5 3 2 5 4 1 6.326-06 & B.776-06 1.07| 2079.9340 -1 110 101 8.63[-05 3 4.3 0.93
1912.851 -197 7 3 4 7 4 3 2.63%-0610 3.11E-06 0.8(| 2085.0869 -10 31 2 2 2 1 1.038-05 7 2.1 0.76
1914 .?2568 30 6 0 6 7 1 7 1.33F -05 3 7.69 -06 2.45| 2085.4998 5 2 11 2 0 2 3.20[-05 3 2.7 0.91
1915.16015 -18 6 1 6 7 0 7 2.17e-05 3 2.31E-05 1.32| 2086.6105 -16 7 3 4 6 4 3 1.29t-06 10 3.39:-06 0.63
1915.56192 15 2 1 2 3 2 1 2.09-05 3 -1.5 0.9?| 2090.9749 3 2 0 2 % 1 1 1.35% -05 & -1.4  0.81
1918.8679 -27 5 2 4 6 1 5 3.00f£-0610 4.276-06 0.94| 2091.08952 0 4 2 2 4 1 3 2.286-05 8 7.7 0.88
1919.37633 5 3 1 2 4 2 3 2.78-05 2 0.8 1.0¢| 2091.1042 -5 5 2 3 4 3 2 5.006-06 10 5.65E-06 0.68
1919.9370 9 S 1 4 4 4 1 5.50t -0610 9.28f -08 1.45| 2092.35041 3 3 21 3 1 2 7.428-05 3 5.0 0.90
1927.67898 28 6 2 5 6 3 4 7.63t-06 3 -1.2  0.87| 2092.3998 22 7 3 4 7 2 5 7.45-06 3 9.901-06 0.89
1931.5891 7 6 4 3 7 3 4 2.68:-06 5 3.33£-06 0.74| 2093.5158 7 8 3 5 8 2 6 1.10E-06 8 1.361:-060.87
1933.5549 18 5 0 5 6 1 6 3.8BE-05 3 5.2 1.37| 2095.05705 14 5 2 3 5 1 4 3.55E -05 3 4.131-05 0.88
1934.5176 19 6 1 6 6 2 5 B8.40E-06 5 2.8 0.9t| 2095.49603 9 3 1 2 3 0 3 7.5i&-05 3 2.2 0.91
1935.6759 -1 5 1 5 6 0 6 1.18-05 5 -4.0 1.2¢]| 2096.31947 0 2 20 2 1 1 1.69-05 2 1.8 0.88
1936.67672 -2 2 11 3 2 2 1.33-05 4 7.1 1.05| 2097.0206 - 5 6 3 3 6 2 & 2.506-0610 6.3?[ -06 0.88
1938.7240 -13 5 2 4 5 3 3 4.23-06 10 -4.4  0.84| 2098.2484 -55 8 4 4 8 3 5 3.59(-07 10 8.85[ -07 0.72
1939.0968 1 8 5 3 3 6 2 4 1.00t-06 10 1.556-06 0.91]| 2098.5471 -10 111 00 0 2.01-05 3 -1.2 0.8
1946.49941 8 4 2 3 4 3 2 1.78-05 3 -1.3 0.8] 20 99.8365 -27 9 3 6 9 2 7 1.18[ -06 3 1.37t -06 0.87
1947.40?766 -13 8 0 8 7 3 5 1.04E-05 2 4,51E-08 0.7¢| 2099.96941 1 5 3 2 5 2 3 3.6l -05 3 2.82[ -05 0.92
1949.0511 -48 6 0 6 6 1 5 3.93t-06 10 2.81E-06 1.25| 2108.9525 1 & 3 1 4 2 2 AJ34E-05 2 1.0%9t -05 0,91
1949.8074 23 111 2 2 0 1.44¢-054 5.7 1.03| 2109.5712 21 7 4 3 7 3 4 1.5E-0610 5.83f -06 0.86
1950.45205 6 4 2 3 5 1 4 1.50€-05 4 -1.8  1.2¢| 2110.3518 22 4 1 3 4 0 4 1.526-05 3 -1.5 0.88
1951.4?39 -25 3 2 2 33 1 5.9 -063 7.5 0.95| 2111.63302 4 2 21 21 2 3.18-05 5 -9.4  0.79
195?.1159 -57 8 2 6 8 3 5 7.36£-07 10 -8.3  0.8f| 2114.0151 -11 4 1 3 3 2 2 6.00e-0610 -11.8 0.64
1952.18796 .7 4 0 4 5 1 5 1.78E-05 4 3.0 1.24| 2114.31070 -4 3 03 2 1 2 7.48[-05 2 -2.5 0.75
1953.30328 -48 5 1 5 5 2 4 5.27-06 10 3.9 0.9¢| 2116.00972 16 3 3 0 3 2 1 3.40f-058 2.62E-05 0.94
1955.8218 -29 7 1 6 7 2 5 5.10E063 0.0 0.85| 2119.353 65 6 4 2 6 3 3 3.04E-07 10 3.60¢ -06 0.75
1956.18567 14 110 2 2 1 4.95-05 3 2.2 1.0C| 2119.3919 5 3 2 2 3 1 3 1.45-05 6 5.6 0.94
1956.80864 -1 & 1 4 5 0 5 5.33[-05 2 3.9 1.2¢| 2121.4239 23 3 3 1 3 2 2 9.30E-0610 8.33f -06 0.88
1957.14807 -5 321 3 3 0 1.75-05 3 0. 0.9C | 2122.75215 6 6 4 3 6 3 4 1.33 -05 6 1.06f -05 0.90
1960.6418 -33 4 2 2 & 3 1 5.20e-06 3 6.77£-06 0.74 | 2122. B22615 4 3 2 4 2 3 2.97t -05 3 3.1 0.89
1961.986 -151 6 4 2 7 3 5 3.54E-07 10 1.20[-06 1.05| 2123.1167 3 6 2 4 5 3 3 1.626-06 4 2.09t -06 0,58
1963.1912 19 7 2 5 7 3 4 5.77-06 4 -1.1  0.91| 2124.0358 54 7 4 4 7 3 5 1.99[ -06 10 7.0 0.99
1965.4258 %6 5 2 3 5 3 2 1.73£-05 4 1.9 0.9C| ?125.7466 -39 5 4 1 5 3 2 3.5E-07 10 1.61F -05 0.96
1969.55888 2 & 1 4 4 2 3 2.376-05 3 -2.9 0.91| 2126.1348 21 5 3 3 5 2 4 7.706-06 6 2.5 0.9
1969.7{537 3 3 0 3 4 1 4 6.60E-05 3 3.8 1.17| 2126.2013 -10 8 4 5 8 3 6 2.506-06 10 4.0 1.02
1975.198 84 5 4 2 6 3 3 1.30[-06 5 0.0 0.7¢| 2128.3402 180 6 5 2 6 4 3 1.208-06 10 1.34E-05 1.07
1975.44505 -1 5 0 5 5 1 4 1.76E-05 2 0.3 0.93| 2128.76952 -6 5 1 4 5 0 5 2.80e-05 3 6.5 0.97
1976.87042 26 4 3 2 5 2 3 4.80-06 3 1.2 1.12| 2129.71820 -3 4 2 3 4 1 4 3.43£-05 3 0.3 0.92
1979.0714 -9 6 1 5 6 2 4 5.70e-06 5 4.41E-06 1.12| 2130.0419 32 5 5 0 5 4 1 1.21-06 10 1.80E-05 1.03
1979.0886 20 31 3 40 4 1.98-05 2 -1.2 1.12| 2130.2082 -60 5 5 1 5 4 2 6.08-07 10 6. 01E-06 1.57
1982.7519 -13 3 1 3 3 2 2 1.03-05 4 -2.7 0.9C| 2131.57505 % 313 2 0 2 3.92-05 3 0.7 0.75
1983.4058 -7 3 2 2 4 1 3 4.46E-06 3 -5.2  1.0¢| 2131.6239 5 6 3 4 6 2 5 1.526-05 10 8.6 1.06
1984 .5787 -79 5 4 1 6 3 4 1.14F -06 8 4.08(-06 0.5$| 2132.5519 -16 8 2 6 8 1 7 1.26£-06 10 9.7 0.99
1986.645821 - 2 2 0 2 3 1 3 2.3%-05 3 3.8 1.1 2135.0758 9 10 4 7 10 3 8 3.07e-07 10 2.44F-0713.98
1995.56746 7 5 1 4 5 2 3 2.846-05 3 -1.3 0.88] 2135.5335 13 4 0 4 3 1 3 3.506-05 5 3.04£-05 0.84
1999.54729 -lo 4 0 4 4 1 3 1.08-05 3 -6.7  0.87 | 2141.%199 11 5 1 4 4 2 3 2.47t-053 1.3 0.69
2003.00029 9 2 1 2 3 0 3 5.47¢-05 3 -0.7  1.0£| 2142.3026 -22 5 2 4 5 1 5 7.40F -06 4 -5.1  0.89
2003.39230 -1 101 21 2 6.40e-05 4 -0.4 1.00| 2145.67858 6 4 1 4 3 0 3 9.45[-05 3 0.4 0.72
2004.5237 38 4 4 1 5 3 2 1.57e-06 10 2.76E-06 0.5%| 2148.18859 6 2 21 11 0 7.25-05 3 6.4 0.79
2004.90168 2 4 1 3 4 2 2 1.58-05 5 -0.3  0.9C | 2148.4817 9 6 1 5 6 0 6 4.426-06 10 -5.4 0.86
2006.9780 3 2 11 2 2 0 1.366-05 4 0.4 091 2148.8334 12 8 36 8 2 7 3.10[-06 2 0.7 0.97
2008.05759 8 312 3 2 1 5.38-05 3 -3.0 0.8E| 2149.6193 -38 9 2 7 9 1 8 1.12t-06 5 “1.4 081
2017.310  -12 331 4 2 2 1.03-06 6 -0.6 0.84] 2153.538 61 93 6 84 5 6.39[.-07 10 1.74E-06 0.70
2016.28086 -2 2 21 3 1 2 B8.05E-06 4 -3.3  1.00 | 2154.3536 -47 7 2 5 6 3 4 4.500-06 10 5.486-06 0.61
2018.95876 12 3 0 3 3 1 2 6.026-05 2 -1.5 0.92| 2154.71135 5 5 05 4 1 4 8.07t-05 3 -3.9 0.67
2022 .0862 6 00 0 1 1 1 1.76e-05 3 -0.7 0.95| 2155.00240 6 2 20 111 1.9?]-054 2.3 0.7/




observed
posi t ion

2156.6376 -3
2159.845 -274
2160.0053 6
2165. 2?56 -2
2166.1096 14
2167.7/185 8
2172.1414 -13
2172.4862 -3
217>.0367 -4
2178.90166 13
2182.9521 43
2187.1790 35
2187.70242 -6
2189.4310 -15
2189.6620 -18
2190.6037 -6
2191.72488 -2
2193.03905 0
2198.52783 - 14
2206.2671 -27
2206.41995 -5
2206.9677 -3
2211.50372 -7
2216.2335 -38
2218.0661 6
2220.80075 -31
2222.0410 16
2272.2888 5
2276.7504 -8
27227.3469 -18
2227.40191 4
2233.177 41
27237.9864 -lo
2238.1048 -18
2238.2671 11
2738.941?7 8
2206.6788 75
2251. 4065 -7
2251. 42561 1
2251. 86970 -2
2752. 28515 -36
2252.3049 0
2254, 6781 -36
2257. 8478 -21
2768. 8607 19
*2271.734 69
2274.3?30 -15
2274, 8573 -12
2275.0251 -5
2275.5340 -25
2784.0588 18
2293.9192 59
2296. 6711 15
2297. 45465 -9
2372. 1436 22
2393.6016 24

1919. 2303 -26
1932. 1368 43
1935. 3430 -29
1946. 8907 21
1947.2798 -51
1956. 3085 -46
1956. 3295 2
1957. 16687 -3
1958. 1069 19
1958. 6166 -11
1965. 5679 3
1972.59248 7
1975.7/05 52
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observed

Kc strength Xs
1.356-05 6
92t -07 10
2.77E-05 4
1.96t -05 4
7.70E -06 10
E-06 4
10

6
3.
4
1
4

2.601-06
5  2.11E -05
5  6.46E-05
2 4.2 1E-05
1.36£-06
1.96E-05
2.84E-05
4. 80E-05
1.30€£-05
1.48E-05
0 2.00[-05
5.426-05
2.45E-05
5.66E-06

1
4
7
7 2.43E-05

OhoowwdbuvwPbroowwd

[

1 3.71-05 4
6 9.50£-06 10
2 T.70E-06 10
7 5.05E-06 6
8 1.39t -05 4
8 4.50E-06 6
7 1.51-06 10
1 2.51E-05 4
-05 3
5 2.10E-06 10
9 2.70E-06 5
9 7.00e-06 6
10
3 1.26E-05 4
4 2.1 OE-06 10
5 4.10E-06 10
2 6.626-05 3
1 2.57¢-05 3
0 8.77e-06 3
1 2.50E-05 10
1.7 0E-06 10
6.87e-07 10

9.30e-07 4

1.03£-05 10

1.92t -05 4

1.7X-05 3
2 6.00[-06 8
3 1.38t-05 6
4 1.32¢ -05 4
2  5.90e-06 4
2 3.40E-06 10
3 9.1 0E-06 5
5 1.33t-06 10
4 4.02e-06 &

10
6 1.40E-06 10
8 1.218-06 10
6.67E-06 3
2.41E-06 10

10 3.00£-06 8
0 1.07e-06 8
6.86E-06 3

1. 01E-05 4
2.31E-06 10
3.15e-06 3
1.256-05 3
2.53E -06 4

Tabl e 6 cont i nued

o-)X® R

0.94
0.93
0.68

ORNONO WO O Rk

co®PPEP oV uo

3.1
1.54E-05 0.75
-7.0 0.7-0
10.1 0.69
1.11[-05 0.70
3.3 0.64
-2.4 0.70
6.05¢ -05 0.69
5.9 0.59
8.53t -06 0.52
-4.5 0.56
-2.6 0.51
-5.0 0.64
8.40E-06 0.55
1.19£-05 0.67?
4.326-06 0.55
4.5 0.57
2.0 0.55
9.8 0.49
1.7/E-05 0.69
5.32¢ -05 0.75
5.92¢-07 0.75
2.02t-06 0.65
6.04F -06 0.56
1.68£-06 0.58
-3.1 0.55
2.386-06 0.48
6.2 0.57
2.956-05 0.74
9.93F -06 0.77
3.21€-05 0.65
9.646-05 0.62
6.70£-07 0.99
9.76£-07 0.40
8.00E -07 0.51
3.40E-04 0.58
3.936-06 0.75
4.948-05 0.63
1.65€-05 0.67
5.05€-06 0.72
2.13-06 0.65
1.19e-04 0.76
8.17¢-06 0.63
2.46E-05 0.58
2.80E-07 0.41
2.83F -07 0.82

3.03[-06 0.60
9.7 0.81
9.53¢ -07 0.96
5.276-06 0.93
4.7 0.84
0.74
0.79
. 0.78
7.7 0.82
-0.1 0.7/
4.10E-06 0.79
-3,9 0.80
-0.5 0.79

mOo N
No w

observed
position o-c
1975.8079 23
1978.0235 4
1981.0268 4

‘1983.664 25

1984.7804 10
1995.24550 4
1995.3105 -1
1995.96918 7
1998.7407 -24
2001.8855 -19
2003.6354 -15
2004.18769 0
2005.87/9 6
2012.15395 14
2014.235 110
2014.72825 8
2014.8343S 4
2021.2698 57
2022.9878 -48
2023.4912 -31
2023.6791 78
2023.639 82
2024.38907 1
2025.25419 2

‘2025.8900 -41

2025.8995 0
2026.94094 0
2034.14258 5
2034.1916 41
2034.3628 6
2035.8746 5
2036.0070 27
2040.0166 -10
2044.3329 36
2048.64951 7
?051.3925? 3
2051. 9905 -9
2052.4114 -20
2053.86439 5
2054.43251 10
2058.49488 -11
2059.7608 66
2060.6467 8
2060.7159 -8
2062.5500 -18
2062.5559 -87
2066.6147/ 22
2067.7/915 8
20r0.27trr 25
2071.95014 0
2075.3784 30
2075.99128 9
2076.03278 -9
2076.97193 15
2079.850 232
2082.9078 47
2085.3729 11
2086.8355 -5
2090.3980 -20
2090.8986 17
2092.9884 15
2093.31639 12
2093.4095 -1
2093. 643 3 3
2093.8639 114
2094.0929 1
2095.19841 19
2095.25175 -3
2097.1057 1
2101.7923 53
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observed
strength Xs

7.66E-06 3
4.426-06 3
1.568-05 4
5.36£-07 10
6.40E-06 3
1.63e-05 2
5.74E-06 4
1.93[ -05 3
5.676-06 10
1.01E-05
9.50E-06
2.00€-05
1.74E-06
3.55f -05
4.44E-07 10
9.87e-06 2
3.06E-05 3
5.62e-07 10
1.486-06 3
5.21€-07 10
1.756-06
5.98£-07
7.05F -06
2.08t -05
6.356-06
1.37¢-05
5.00E -05
5.35E -05
2.76[-06
1.90F-05
3.10E-07 10
3.66E-07 10
1.656-05 4
2.53£-07 10
5.488 -05 3
?.56[ -05 3
1.70E-06 10
4.88£-07 10
8.34£-05 4
2.60e-05 3
2.768-06 10
2.91F -06 10
2.37e-06 10
7.60e-06 4
1.756-05 3
5.78f -06 3
7.55[ -06 4
5.16L-05 2
4.16[-07 10
1.66£-05 2
3.75E-05 3
1.08e-04 3
1. 01€-05 10
1.00E-04 2
3.63E-07 10
3.50e-06 10
4.20E-06 6
5.00e-06 10
5.02-06 6
3.390-06 2
1.15¢ -05 3
1.36E-04 2
2.580-05 4
1.40[-06 10
8.248-06 3
3.96E-05 3
1.92[ -05 5
5.36£-05 3
1.49[-06 10
1.088-06 10

W Uolw ol w

Ahwooowwhdp

(-0 R
0.4 0.80
-6.7 0.79
3.6 0.80

4.05E-07 1.42
-4.3  0.75
-0.3  0.80
5.3 0.85
-0.5 0.84

6.60E-06 0.71

9.33E-09 0.70
-3.6 0.75

2.65e-05 0.7/

1.3 BE-06 0.79
-2.0 0.78

3.40[-07 0.84
-6.0 0.7/
-3.2 0.79
-4.3  0.97

1.32€-06 0.70
-9.0  0.59
2.5  1.01
2.8 1.04
3.2 0.82
0.9 0.81
1.6 1.02
-3.5 0.84
-3.6 0.7/
-1.5  0.81

2.191.-06 0.83
4.2 0.85

3.761-08 0.76
-0.8 0.67
-4.9 0.7/

2.041:-070.61
2.4 0.82
-2.6  0.79

1.351” -06 0.85

2.79£-07 1.55
-1.2 0.8?
-6.0  0.83
-1.8 0.92

1.53[ -06 0.89
-7,0 0.88
-0.6 0.95
-7,5  0.90
7.3 0.90

5.99£-06 0.87
2,3 0.83

2.59£-07 0.75
-3.8 0.79
2.2 0.81
-1.8  0.83

5.31F -06 0.89
1.9 0.83
2.0 0.70
10.6 0.83

1.476-06 0.84

3.55£-06 1.11

2.73E-06 0.87
2.7 0.87

9.90F -06 0.98
0.1 0.8
4.8 0.9

1.19[-06 0.92
0.4 0.90
-1.9  0.83
3.6 0.97
-3.6 0.90

1.13F -06 0.89

3.75 -06 0.71
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abl ¢ 6 cont I nued

observed upper 1 ower observed observed upper lower observed s
position 0-C J KgKe J Ky Ke strength Xs (0-c)%'R position 0-C J KgKe JKykKe strength %s (o-¢)4" R

2103.3318 16 110 2 1 1 2.86£-05 3 -0.1  0.83] 2237.7(?8 5 & 1 & 3 1 3 7.748 -05 3 7.17t -05 0.91
2104.6452 5 6 3 4 6 3 3 4.6LE-06 4 2.B4E-06 0.89| 2239.48898 -4 533 4 3 2 1.45:-05 5 5.55p-05 1.23
?113.81038 -3 5 3 3 5 3 2 3.33k-05 3 2.31E-05 0.95| 2239.50713 -14 6 4 2 5 4 1 1.16£-05 3 1.82[-05 1.10
2114.5? 841 -10 1 0 1 2 0 2 4.48E-05 2 1.8 0.86| 2242.75432 11 4 0 4 3 0 3 2.31E-04 4 1.6 0.93
2114.63947 -1 111 2 1 2 9.55E-05 2 -0.6 0.85| 2243.4420 32 5 3 3 5 1 4 3.06f-06 10 -3.2 0 1.12
2119.2316 0 4 3 2 4 3 1 2.27e-05 4 1.83-05 0.98| 2744.7075 28 5 2 4 5 0 5 6.20E-06 10 9.58] -06 0.96
21?0.185 -322 4 1 3 3 3 0 4.68E-07 10 3.90E-07 0.99| 2246.78749 5 4 22 32 1 1.34E -04 3 1.24[ -04 0.93
2121 .647[{ 5 4 3 1 4 3 2 6.42E-05 3 5.50£-05 0.93| 2252.8710 -3 8 53 7 5 2 1.80] -06 5 2.90£-06 1.08
2121.7448 3 5 3 2 5 3 3 9.91-06 2 7.816-06 0.87| 2255.29913 2 5 1 5 4 1 4 1.83% -04 3 -3.1  0.95
2122.45415 & 3 31 3 3 0 1.176e-04 3 -0.9 0.91] 2255.39053 5 4 1 33 1 2 1.91-04 3 0.6 0.94
2122.8546 -13 3 3 0 3 3 1 4.01-054 1.9 0.93| 2257.45751 8 5 2 4 4 2 3 1.38:-04 3 1.13[-04 0.90
2123.1747 21 3 93 3 1 2 1.98-05 3 2.37t-05 0.84| 2258.69213 6 5 05 4 0 4 6.60[ -053 2.6 0.95
2127.1511 4 4 2 3 4 2 2 6.75-06 10 1.05E-05 0.88| ??60.5935 26 7 4 4 6 4 3 8.226-06 3 1.31E-05 1.16
?2137.33071 4 3 2 2 3 2 1 6.33E-05 5 7.45E-05 0.87| 2260.8266 -45 6 3 4 5 3 3 4.30[-06 10 1.49¢-05 1.08
2137.37154 2 0 00 101 8.90e-05 3 1.6 0.87| 2263.9853 14 74 3 64 2 2.78F -06 10 4.31t -06 1.30
2139.9268 14 21 2 2 1 1 1.58-05 4 -6.4 0.84| 2267.8815 60 7 16 7 1 7 9.68:-07 10 1.26£-06 0.96
2142.25143 6 2 21 2 2 0 5.60e-05 3 2.5 0.92| 2272.4111 34 6 2 5 5 2 4 1.60[ -05 5 2.78¢-05 1.12
2143.981 -117 5 1 4 4 3 1 3.01-0710 3.68t -07 0.75| 2272.98905 3 6 1 6 5 1 5 4.60E-05 3 -4.0  0.90
2144.80859 3 2 2 0 2 2 1 1.64E-04 2 -0.5 0.89] 2273.06990 7 5 2 3 4 2 2 3.68-05 4 0.0 0.90
2146.7291 36 7 3 4 7 3 5 3.666-07 10 1.07e-06 0.94| 2274.42948 -8 5 1 4 4 1 3 4.85 -05 4 -1.6 0.93
2149.1295 -75 3 21 3 2 2 3.04e-05 7 2.57¢-05 1.19| 2774.7108 8 6 06 5 0 5 1.51 -04 3 4.2  0.97
2151.19505 2 1 11 1 1 0 1.246-04 3 1.9 0.89| 2277.53452 0 6 3 3 5 3 2 5.10E-05 4 4.39[-05 0.85
2153.241 -115 5 0 5 4 2 2 4.25[-07 10 4.95E-07 0.91| 2281.5613 4 7 35 6 3 4 1.19e-0510 2.871-05 1.01
2158.1062 -1 4 2 2 4 2 3 2.81E-05 3 3.526-05 0.89| 2286.6352 -75 8 1 7 8 1 8 1.36f-0610 1.911-06 0.94
2160.262  -75 6 1 5 5 3 2 1.30E-06 10 -4.7 0.94] 2289.89402 2 6 1 5 5 1 & 1.00£-04 5 2.6 0.99
2162.0144 -11 1 1 0 1 1 1 4.33-05 6 0.8 0.89| 2290.15895 -1 717 7 61 6 9.53[-05 3 -1.4  0.93
2171.8187 43 5 2 3 5 2 4 4.1 0E-06 10 5.27e-06 0.94| 2291.0672 50 7 2 6 6 2 5 5.00t-0510 -5.2  1.06
2172.3240 12 211 21 2 6.00E-05 4 -0.2  0.94| 2?96.73060 -1 6 2 4 5 2 3 7.57t-05 4 -1.2 0.93
2184.74681 5 101 00 0 3.626-05 3 1.3 0.90| 2373. 2777/ 2 1201211011 3.4BE-06 10 2.721”-061.21
2187.3785 3 3 1 2 3 1 3 1.08-05 3 -2.9 0.97] 2389.5324 27 13 1 13 12 1 12 1.30e-06 5 -1.7 0.92
2198.60957 4 2 1 2 11 1 4.81%-05 4 6.0 0.92| 2405.5160 13 4 4 0 3 2 1 1.666-06 6 1.371.-061.19
2706.20715 -3 4 1 3 4 1 4 1.56E-05 4 1.94[-05 0.85]| 2407.1661 31 6 3 3 5 1 4 4.22e-06 4 B8.89-06 1.02
2206.6561 29 2 0 2 1 0 1 2.45-04 10 10.8 1.00| 2411.0301 78 ¢ & 1 3 2 7 3.946-07 10 -10.4 0.88
2207.3853 -13 6 5 2 5 5 1 1.49E-06 10 -7.3  1.38| 2422.659 95 5 4 1 4 2 2 4.55E-07 10 8.23£-07 0.54
2207.4303 12 6 51 5 5 0 4.41E-06 10 -8.5 1.36| 2429.9333 50 6 2 4 5 0 5 4.76E-06 6 -3.7  1.09
2208.87956 13 2 11 1 1 0 1.426-04 3 4.1 0.93| 2437.2560 29 54 2 4 23 2.00E-06 10 -8.4  0.90
2214.36025 9 3 2 2 22 1 1.09-04 3 9.51E -05 0.89]| 2437.402 93 6 4 2 5 2 3 2.826-06 10 -6.3  0.92
2215.67500 17 5 4 2 4 4 1 1.126-05 10 1.75E-051.00| 2440.4196 8 734 6 1 5 1.16t-06 10 1.861-060.91
2?218.5?666 7 3 1 3 2 1 2 2.148-04 4 5.8 0.92| ?451.9604 35 7 4 3 6 2 4 9.648-07 10 0.8 0.99
2718.847[5 7 & 3 1% 3 3 0 B8.30E-063 4.70E-05 1.26| 2464.4057 -4 634 5 1 5 7.92[-07 10 -10,3 0.99
2219.43136 -12 321 2 2 0 3.57e-05 4 3.176-05 0.92| 2465.9108 -49 6 4 3 5 2 4 8.60e-07 7 7.64[ -07 1.12
2220.7/50 -15 2 21 2 0 2 1.36E-06 10 -10.8 0.87] 2469.2111 49 8 4 4 7 2 5 2.00E-06 10 5.1 0.94
2224.7695 40 3 2 2 3 0 3 B.30e-06 10 9.90f -06 0.87]| 2482.6101 2 83 5 7 1 6 2.056-06 10 2.57[ -06 1.06
2225.8648 6 3 03 2 0 2 7.83%-05 3 0.92| 2497.6885 -22 7 4 4 6 2 5 1.82-06 6 1.5 1.02
2279.8050 14 7 53 6 5 ? 3.10E0610 4.5%06 1.09| 2510.5194 -79 7 35 6 1 6 1.386-06 10 1.74[ -06 0.86
2729.8963 -13 8 2 6 8 ? 7 8.256-07 10 1.38E-06 0.84| 2510.9503 41 75 3 63 4 9.19£-07 10 5.0 1.01
2230.0397 -64 7 5 2 6 5 1 9.35-07 8 1.52E-06 0.98| 2514.168  -87 8 5 3 7 3 4 7.25-07 10 5.4 1.03
2232.6012 22 4 2 3 4 0 4 3.16E-06 10 3.86E-06 0.94 | 2530.6797 -65 7 6 2 6 4 3 3.36£-07 10 12.0  1.04
2233.21228 4 3 1 2 2 1 1 6.50E-05 6 0.5 0.92| 2544.4191 -30 8 2 6 7 0 7 8.280-07 10 1.16f -06 0.82
. 2236, 26465 4 4 23 3 2 7 4.85p-05 5. 4.16£:05 0.901 2571.9099 -106 9_4..4 8 2 ? 5.0¢e-07 10 -13.0 0.89

* asterisk denotes a doubted absorption with the quantumassignment given for the stronger transition. The strength given
represents the sum of the strengths of the twocompareble transitions.

1

o-c are observed minus congwtedline positions in cm X 105. Conputed values derived from energy levels given in table 2 and lower

state, (010), levels given in ref. 16
Xs are estimated uncertainties in the measured line strengths given in percent

a.(o-c)% is the percent difference between the observed and conputedline strength or the value of the computed strength if the
difference between the observed and conguted values is =212% orlarger in magnitude.

® is the ratio of the observed line strength derived in this study to the computed value given in ref. 14




Tabl e 7. Line positions (em') and strengths (cm'?/atm. at 296K)
observed in the (100) - (000) bang

observed
position

?912.3760 -30
2937.7156 -69
2937.8494 2
?981 .7558 -2?
2984.608 88
2996.39445 28
2998.7293 -?7
2999.651 93
3004.47/6 -48
3005.2555 -43

3007.127 -70
3026.440 -154
30?6.8?74 -6

3028.23704 0
3041.4315 13
3043. 7618 7
3045.6966 15
3046.1765 -20
3047.6670 52
3055 .?935 6

3059. 7233 -3
3073.38063 -1
3076.7153 0
3082.7571 -16
3083.30336 0
3087.709 -29

3093.5698 32
*309 7.2935 -17
3097.3197 -7
3100.6083 -38
3105.2787 -11
*3107 .1508 0
3108.880? 11
3112.7019 -62
3113.12352 2
3113.57933 3

3115.2361 -4
3118.9806 -14
3120.892 -316

3120.9659 64
3121.7835 0
3121.909 171
3124.1963 -131
‘3125.1835 39
3131.35017 -26
3131.4458 19
3134.63075 -1
*3135.0965 -9
3139.55545 -1
3147.9? 533 15
3148.2980 18
3148.3504 33
3148.36880 17
3149.2600 -30
*3153.1325 50
3156.6946 0
3164.0294 22
3164.368?7 4
3164.56604 -3
3165.7035 -2?
3170.89958 2
3171.12587 0
3175.07484 15
3175.4015 -81
‘3175.8992 -60
3176.49895 -17
317 7.25813 24
3171.633 97
3178.3480 21
3178.95503 9
*3181.0800 16
3181.533% -46

0-C

- - - = -
© o o vuo ~  ©oo
PR NN
o w w [N RAPRPONAR D
e PTRPOMWOT PP, e

=
N

- e N s
N~ o o~ ~
cor

=
o

e
© o
R =R N)

=

uppe r
J Kg Ke

=

o

- e

oo

=N

w -
w =N b © w NM\I

N e = =

O~NN o PTW L

al
[oe]

=
©
o

o

©

9 2 7

- e

= e

~~

B~ o

919

N
o o © © ©

PR e

N O NN

mroor

o R o
o

U100 O o

ONN O

[
O owo N

Jwhoo U,

©
[oe]
=

e e

=W

~ oo

oo N
[ AW e DNO1OUIOT O xm— o

N = = =
DN WO W@

=

lower

J Kg Kc

N

=
~

N

P e

N

=
o

=

)
RO T wRrwwPrNNO o

~

N
PR e
©

e e

LSRN

=

=
© © 5 00~

NNBECPNRR N

© 00 ® ~
O prpr

(o))
=

DWW N
o
~ L~

e

-
Polao~
NONRFRONFRPWIOR (AWNOONORARWAIRNE, yWNNNO OUIRAO 0@ ORRPOANWRUIN~NOR (O©OONOUOEOUIORNR,oO0O LR A

o
NOWNNRNT o WINPT Ouwo~N  TORUgo~~N®mU A

observed
strength Xs  (o-¢)X® R
2.10[-05 10 8.46[-08 1.15
1.58¢ -05 5 5.37¢ -07 1.11
6.26E-06 10 3.31€-06 1.11
8.22 E-015 6 5.02¢-07 1.00
1.80E-06 10 4.45E -06 0.98
1.15t -05 8 -6.7 1.06
4.30e-06 10 3.4 1.25
3.30e-06 10 2.77£-07 0.96
1.796-05 6 1.83E-08 0.84
2.50£-06 4 3.05E-06 0.93
2.50t -06 10 9.45E-08 1.00
1.67e-06 10 -12.6 0.95
8.61E-06 10 6.80[ -06 1.13

1.62e-05 3 0.2 1.07
1.23E-05 5 3.5 1.10
8.30E-06 4 -0.5 1.03
5.92e-06 3 5.3 1.08
3.80t -06 15 2.24E-061.21
5.50E-06 10 -12.7 1.01
1.55€-05 5 8.2 1.16
4.50E-05 4 22 111
9.80£-06 4 0.9 1.10
1.05E-05 4 6.26E-06 1.15
1.90e-05 4 -1.1 1.03
1.23E-05 5 4.7 1.09
1.956-06 10 1.336-06 1.04
1.86[-06 10 2.98E-06 1.05
3.92e-06 3 7.12E-06 0.91

1.43E-05
1.14E-05

2 1.20t -05 1.05
5 9.65¢-06 1.14

1.82E-06 10 1.126-06 1.10°
5.00E-06 10 1.54E-05 0.91
6.60E-06 5 3.576-06 1.02
8.60E-06 6 -2.2 1.00
7.35e-05 2 -2.8 1.05
1.436-04 3 4.4 1,09
7.63E-06 2 9.44E-06 0.94

9.1 OE-05 5 8.07e-05 1.17
2.80E-06 10 3.66£-06 1.08
8.60E-06 4 1.10E-06 1.09
5.05E-05 4 4.6 1.12
3.126-06 10 5.98£-06 1.27
1.84E-06 10 -7.4 1.52
1.65£-05 5 2.40E -05 0.99
1.00£-05 4 43 0.9
4.36[-05 2 1.09E-09 1.02
1.78£-06 3 -1.6  1.02
1.95E-05 4 5.37¢ -05 1.01
6.22E-05 2 5.34E-05 1.06
4.50-05 3 -0.1  1.04
4.23£-06 10 7.75E-06 0.91
3.04E-05 3 3.69£-05 0.99
9.11[ -06 4 1.23E-05 0.89
1.52€-05 5 2.326-05 0.9 6
5.35E-05 4 7.58£-05 0.93
1.80E-06 15 2.11 E-06 1.14
1.556-05 3 1.38£-05 0.96
1.57e-05 3 2.6 1.00
9.056-05 3 8.31E-05 1.11
1.336-06 10 1.66E-09 0.99
1.64E-06 3 12 1.06
2.54E -05 3 1.326-04 1.19
6.05¢ -05 3 8.12¢ -05 1.01
2.306-05 6 2.70E-05 1.11
1.41€-06 3 -6.9 0.99
2.05F -05 3 1.71E-05 1.11
1.33-06 3 -2.8 1.03
2.46£-06 15 1.10E-08 1.18
2.1 OE-06 15 1.44£-09 1.35
9.65E -05 2 -1.4 1.05
1.68[ -04 5 2.27e-04 0.94
1.16£-05 5 8.66[-10 0.89

observed
position o0-C
3182.70395
3185.14148
3187.53393
3189.87758
3190.94189
3202.01296
3202.10341
‘3203.4644 21
3207.629 95
3209.2385 -18
3219.67618 -1
3224.4857 -40
3225.70612 1
3726.0685 -2
3229.0395 8
3229.0587 -3
*3?30.9833 24
3232.3884 7/
3232.75604 1
3232.88751 1
3233.98827 -1
3239.6046 18
3242.697 0
3243.04507 13
3246.55500 -18
3247.853 112
3249.196?? -16
3249.47258 2
‘3256.085? -46
3258.07400 -5
3258.15855 0
3261.0154 9
*3261 .8306 0
3262.5181 -7
3264.3538 -54
3267.2337( -16
3268.796 -159
3270.7973 -4
3271.6763 20
3273.4026 -13
3?76.7889 40
3278.6209 -4
3279.09667 3
3282.8354 29
'3283.0621 - 2
3283.7637> 4
3284.1944 -7
3284.22476 4
*3285.6723 0
t3285.821 0
3286.8510 -78
3288.0991 60
3294.05764 -2
3295.009 -106
3299.8656 -43
3303.07565 -5
3304.6399 -42
3308.07815 7
3308.40508 -28
3309.3335 -39
3309.36834 -5
13310.526 67
3310.7923 10
3310.8554 17
3311.5845 8
3313.39347 7
3314.10505 8
3317.27950 -4
3317.68822 -9
3317.809 12
3326.0096 -3
3326.04304 -7

of H,'%0
upper lower

J KgKe JKg Kc
8 1 7 9 4 6
8 1 8 9 2 7
11 5 6 126 7
6 2 4 7 5 3
10 5 6 11 65
96 4107 3
96 31074
8 7 2 9 8 1
10 2 9 10 5 6
4 2 3 5 5 0
5 1 5 6 4 2
4 2 2 551
7 1 6 8 4 5
7 07 8 3 6
8 6 3 9 7 2
8 6 2 9 7 3
77 0 8 8 1
8 3 6 8 6 3
9541065
955106 4
9 371046
124 8 13 5 9
15 3 12 16 4 13
8 2 7 9 3 6
9 461055
6 3 4 6 6 1
11 4 7 12 5 8
7 1 7 8 2 6
76 1 87 2
8 5 4 9 6 3
8 5 3 9 6 4
104 6 11 5 7
17 0 17 18 1 18
6 1 5 7 4 4
8 1 8 8 45
4 1 4 5 4 1
73 4 761
8 2 7 8 5 4
1441115312
9 451056
9 0 9 9 3 6
6 0 6 7 3 5
8 45 9 5 4
1331014411
6 6 1 7 70
8 3 6 9 45
75 3 8 6 2
75 2 8 6 3
16 1 16 17 0 17
15 1 14 16 2 15
93 6 96 3
14 3 12 15 2 13
8 4 4 9 5 5
11 38 11 6 5
123913410
7 2 6 8 35
71 7 7 4 4
7 4 4 8 5 3
313 440
10 1 9 104 6
1421315114
6 52 761
6 25 6 5 2
1321114312
13 3 11 14 2 12
6 1 6 7 25
11 3 8 124 9
7 4 3 8 5 4
4 1 3 5 4 2
11 29 11 5 6
103 7 11 4 8
7 35 8 4 4

observed
strength Xs (o-0)%® R

1.59-04 3 0.1 1.04
4.41E-04 3 -0.4 0 107
2.84E-05 3 4.156-05 0.97
4.656-05 3 -1.1 1.06
1.7/£-04 2 1.5(’[-04 0.97
7.23F -05 3 8.50E-05 1.01
2.18[ -04 5 2.55¢ -04 1.00
4,13 -04 3 3.1 0.95
1.386-06 10 4.916-07 1.01
3. 01E-05 3 2.62E-05 1.09
5.18 -05 2 1.5 1.07
1.35F -05 8 1.12E-05 1.08
1.00£-03 2 1.0 1.06
1.03£-03 2 1.3 111
6.70E-04 3 -7.1 0.99
2.40[ -04 3 0.1 1.06
1.14F -03 3 2.7 0.97

2.756-06 15 3.05¢ -07 1.40
3.506-04 5 5.176-04 0.9 8
6.04E -05 3 1.756-04 0.99
2.06£-06 2 1.7 1.0
4.18E -06 3 5.056-06 0.95
4.40E-07 15  -6.6 1.35
1.09[-03 2 -0.4 1.06
2.89E-04 3 2.60E-04 1.02
1.24£-06 10 3.17¢-07 1.17
5.24E-05 3 6.16£-05 1.04
4,258 -04 2 03 1.08
2.48-03 4 1.7 1.00
9.756-04 3 1.51E-03 1.03
3.786-04 3 5.03£-04 1.02
5.38f -05 3 7.79[-05 1.00
1.27¢ -06 10 2.15E -06 0.86
L.94E-04 2 0.6 1.07
1.056-05 10 6.66E-06 1.07
1.686-04 3 -1.9 1.0
1.50E-06 15 8.326-07 0.93
1. 026-05 4 4.36[-06 1.03
1.28F -06 10 1.83£-06 0.88
4.50[-04 6 8.09F -04 0.99
6.60E-06 10  -7.6 0.97
7.40[-04 3 -1.1 1.09
2.81E-03 3 2.49¢ -03 1.01
7.28E-06 4 8. 11E-06 0.96
6.20[ -03 2 5.59[ -03 1.03
2.40£-03 2 1.6 1.03
1.036-03 2 1.30[-03 1.02
3.186-03 3 3.89-03 1.02
6.90E-06 10 9.376-06 1.01
5.1 OE-06 10 8.83t-06 0.80
3.60F -06 15 1.14E-06 1.27
5.30f -06 10 6.50¢ -06 0.98
5.62E-04 3 8.34E -04 1.06
9.55¢ -07 5 6. 01E-07 0.72
1.00E-05 10  -3.4  0.97
1.30£-03 5 1.5 1.07
8.40t -06 10 6.00£-06 1.05
2.60E-03 3 2.256-03 1.02
3.006-05 4  -4.2  1.06
2.50£-06 15 -12.2  0.75
1.90€ -05 5 2.56£-05 0.95
1.03t -02 5 1.196-02 0.99
1.68E -05 3 9.50E-06 1.04
2.15E -05 7 2.486-05 0.99

7.306-06 10 -10.8  1.01
3.53¢ -03 3 1.4 1.10
1.16[ -04 4 3.8 1.02

3.63f -03 4 6.760-03 1.04
2.58E -04 2 -7.8 1.04
4.50[-06 6 3.221-060.98
1.30E-04 5 4.1 1.04
2.63[ -03 2 2.9 1.04




ohserved
position

332 7.32931 -7
3327.7106 9
3332.52024 0
*3332.57(5 -81
333?.6045 -27
3333.0451 23
3334.5614 46
3334 6789 &
*3336.8461 3

3336.89866 -6
3337.19955 1
*3338.931 0
3339.0784 -2

3339.2847 -15
3342. 279522 -1
3344.382 -82
3348.4436 -9
3353.8437 10
3354.29753 4
*3355.605 216
3355.752 51
3355.8764 0
3357.0195 -47
3357.034?7 -15
3359.1855 -15
3360.40?36 10
3360.6817 -7
3361.67262 -9
3362.28353 -7
3362.9657 0
3367 .9945 0
3366.2306 57
3366.99478 29
3367.342? 23
3367.64255 6
3369.1540 -5
3371.04885 -7
3374.01967?

3374.68305

3378.06426

3378.43755

3378.918?

3379.66578

3380.46727 -
3385.6016 -
3386.7540 0
3386.80781 0
3389.1544 T
3389.4675 -13
3389.660 0
3389.82792 5
3391.57133 2
3391.8133 -7
3392.50712 10
3392.72536 -2
3392.94133 5
3394.5786 -12
3395.8783 -31
3397.21331 4
3400.65088 o0
3401.05340 0
3401.09236 7
3401.49902 0
3403.58283 -11
3406.6747 -5
3408.85528 0
3409.9832 6
3411.7209 -13
3417?.341 153
3412.47¢282 2
3415.5897 -45
3417.1715 -1

WO Wh OWNO

o-C

upper Lower
J Ka Kc J Ka Kc
5 05 6 3 &
8 0 8 7 5 3
1321214113
1411415015
1?2 31013211
1?7 21013311
1311214213
6 4 3 7T 5 2
55 0 6 6 1
9 361047
8 0 8 8 3 5
15015151114
6 1 6 6 4 3
31 2 4 41
6 4 2 7 5 3
102810655
8 35 9 4 6
5 2 3 5 50
112912310
13013141114
9 1 8 9 4 5
12 1 11 13 2 12
12 2 11 13 1 12
6 2 5 7 3 4
11 4 8 12 3 9
9 2 7 9 5 4
113912210
6 3 4 7 4 3
7 3 4 8 4 5
1411414213
1401414113
7 2 5 7 5 2
8 2 6 8 5 3
5 1 5 5 4 2
5 4 1 6 5 2
5 4 2?2 6 5 1
4 0 4 5 3 3
100 2 8 11 39
5 1 5 6 2 4
12 1 12 13 0 13
11 1 10 12 2 11
11 2 10 12 1 11
12 0 12 13 1 13
6 3 3 7 4 4
10 3 8 11 2 9
13 1 13 13 2 12
13 0 13 13 1 12
1421314312
4 1 4 4 4 1
1411314212
7 0 7 7 3 4
9 2710338
8 1 7 8 4 4
5 3 3 6 4 2
4 4 0 5 5 1
4 4 1 5 50
10 4 7 11 3 8
M 5 7 12 & 8
5 3 2 6 4 3
10 1 9 11 2 10
11 0 11 12 1 12
11 1 11 12 0 12
10 2 9 11 1 10
5 2 4 6 3 3
8 2 6 9 3 7
3 0 3 4 3 2
12 1 12 12 2 11
12 0 1? 12 1 11
1321213311
9 3710238
13 1 12 13 2 11
7 1 6 7 4 3

Table

observed
strength Xs

3.90E-03 2
6.60[-06 10
2.48E-05 3
1.216-04 3
5.426-05 3
2.60E-05 10
5.1 OE-05 8
1.69E-02
2.32E-02
1.1 BE-03
1.43E-04
2.70E-06
4.88£-05
2.33E-04
2.46E-03
5.80E-06 10
1.056-03 2
1.06E-05 3
2.94E-04 3
3,95 -04 4
5.05£-05 10
9.1 OE-05 6
2.20E-04 10
1.25-02
1.53£-05
3.69[-05
8.28E -05
2.09€-02
7.11 E-03
7.20E-06
2.82[-06 1
5.50E-05
1.92€-05
1.79[-05
1.68E-02
2.83£-03
1.71€ -03
3,00k - 04
3.076-03
9.80E-04
8.70E-04
2.83E-04
2.20E-04
3.42E -03
7.1 OE-04
1.03E-05
3.00E-05
4. 6DE-06
3.35E-05
1.60E-06 1
1.87E-04
2.42E -03
6.20E-05
1.50[-02
1.33-02
3.656-02
7.63E -05
1.60E-05
5.13[-02
8.38E-04
2.80E-03
9.69E-04
2.40E-03
1.07e-02
2.026-03
4,13t -03
9.25[ -05
3.57¢ -05 3
6.90[-06 10
5.756-04 2
2.306-05 7
3,956 -04 2

NWwoPpN P

WNhNDwPLWIONWWWWPARRDWONNOWNPOLWNDNWRARRPDNNWWNUT OO WWWWAN

(o-c)%'R

-3.4
1.47¢ -09
3.04E-05
1.38E-04
8.43E-05
2.91E-05
9.14£-05

6.4

-4.0

1.4
1.21EF -05
2.386-06
3.58E-05
2.53E-04
5.296-03
3.87£-06

-6.0

1.8
2.41E-05
2.79£-05
8.856-05
2.6
8.85[ -03
6.4
9.8
4.34E-05
1.44E-05
1.54£-05
3.29£-02
1.09€-02
-3.9
6.0
0.1
1.076-03
-3.5
-5.6
3.57¢ - 04
7.07¢-03
-4.7

4.4
5.36E-05
0.8
1.96E-02
5.896-02
1.498-04
1.85E-06
4.496-02
1.8
-6.9
-3.2

1.06
0.85
0.99
1.10
1.03
0.95
0.97
0.98
1.01
1.05
1.06
0.96
1.12
1.05
1.02
1.07
1.05
1.00
1.07
1.03
1.03
1.07
1.02
1.07
1.00
0.98
1.05
1.05
1.02
0.83
0.98
1.01
1.02
1.04
1.03
1.05
1.07
1.07
1.08
1.10
1.09
1.08
1.09
1.08
1.05
0.96
0.94
0.91
1.09
0.95
1.05
1.05
1.09

1.03
1.04
1.08
0.96
1.04
1.12
1.08
1.12
1.09
1.00
1.06
1.08
1.01
0.88
1.04
1.09
1.02
1.03

7 continued

observed
position 0-c
3419.9504 3
3420.49755 -8
3421.7s90 -14
3422.3329 7
3423.24453 2
3423.27 {(9 2
3424.08631 0
‘3424.2266 51
3431. 0645 -4
3432.4820 11
3432.83008 1
3433.7660 -35
3633.8008 8
3434.05321 -1
3435.98025 7
3436.8243 67
3438.041 -221
3439.1947 -16
3439.6684 -14
3440.72258 -1
3442.07{60 O
3442.50290 -4
3443.20353 2
3445.157[5 3
3445.21970 -4
3(,(,5.798? 12
3445.859 -166
3446.8845 -2
34 46.94124 1
3447.07690 -10
3447, 23680 -10
34 48.9366 -59
3448.9511 -30
‘3451.9612 -42
3456.7537{ 4
3457.3460 0

3458.4657 -9
3460.0151 -16
3460.7171 -2

3462.5243 21
3462.59086 -19
3462.81448 4
3464.7434 33
3465.0151 -100
3466.89443 -6
3467.1470 -14
3467.49559 -42
3470.3411 10
3475.47486 -3
3474.90700 1
3475. 03302 -4
3475.9464 -44
3476.3459 -18
3477.101 -282
3477.7619 -22
3477.8451 -54
347 1.8586 -70
3479 .6429 123
3480.21855 -7
3480.6281 2
3480.6538 -14
3480.7602 13
3481.6620 9
34822.2469 -12
348-6.6874 13
3487.8183 -11
3488.07 182 0
3488.32053 -6
3(,89.0832 -7
3491.1745 -8
3494.92992 -4
3495.17695 ?

upper lower
J Ky Ko JKg Ke
72 5 8 3 6
4 3 2 5 4 1
& 3 1 5 4 2
91810209
10 0 10 11 1 11
10 1 10 11 0 11
9 2810109
8 7 2 8 8 1
4 1 4 5 2 3
6 1 5 6 4 2
6 2 4 7 3 5
6 0 6 6 3 3
1111111210
11 0 11 11 1 10
10 5 6 11 4 7
2 211 12 310
12 1 11 1? 2 10
5 1 4 5 41
4 1 3 4 40
2 0 2 3 3 1
8 36 9 2 7
4 2 3 5 3 2
8 1.7 9 2 8
9 0 9 10 110

9 1 9 10 o010
9 6 4 9 7 3
9 6 3 9 7 2
8 2 7 9 1 8
5 2 3 6 3 4
331 4 40
330 4 401
8 6 3 8 7 2
8 6 2 8 71
7 6 1 7 7 0
101101029
1001010109
112101139
10 5 6 10 6 5
11 66 12 5 7
111101129
4 2 2 5 3 3
7 1 6 8 2 7
12 66 13 5 9
12 7 6 13 6 7
8 1 8 9 0 9
8 0 8 9 1 9
5 0 5 5 3 2
7 2 6 8 1 7
8 45 9 3 6
735 8 2 6
3 2 2 4 3 1
10 5 5 10 6 4
9 54 9 6 3
9 55 9 6 4
8 53 8 6 2
8 5 4 8 6 3
11 39 11 4 8
7 5 2 7 61
10 2 9 10 3 8
9 0 9 9 1 8
6 1 5 7 2 6
3 1 3 4 2 2
6 52 6 6 1
3 21 4 3 2
11 65 12 5 8
10 1 9 10 2 8
707 & 1 8
717 8 0 8
10 & 7 105 6
4 0 4 4 3 1
10 3 8 104 7
6 25 7 16

observed
strength %s

1.30¢ -02
8.41F -02
2.84£-02
5 .B8E-03
2.50¢ -03
7.50¢ -03
2.00E-03
3.50E-05
2.300-02
1.79[-04
8.55E-03
2.14E -04
1.25¢ -04
3.42F -04
1.21 -03
B.65F -05 4
3.00£-05 10
3.04£-04 3
4.60[-05 10
4.78E-04
3.16[-03
7.67 -02
4o44E-03
1.7/t-02
5.70¢-03
-05

NWNNNDWAWNOTRwwD o

o wrPpwNw

1.606-04 4
4.02[ -05 10
2.71 -04 3
3.276-02 3
2.8 -02 2
7.60F -06 10
7.89E-06 10
3.906-02 4
7.33[-03 3
1.45[-03 2
B.24F -03 3
2.17e-04 3
1.426-03 4
4.476-02 3
1.59[-05 10
1.23E-04 2
1.33£-05 10
1.076-04 2
2.60F -04 5
6.706-05 10
8.90€-04
8.26€ -04 3
2.68¢ -03 3
1.71£-02 4
1.7/k-02 2
1.266-03 2
1.406-01 3
9.22[ -05 2

2

2

2

2

2

3

2

w

2.70€-04
6.95F -02
2.30E-02
2.52e-04
6.35k -04
5.26t -04
3.97e-02

(0-c)%* R
0.6 1.04
1.4 1.06
2.6 1.03

-4.5 1.03
-1.9 1.10
-1.8 1.10
-0.7 1.09
4.39E-05 0.97
-1.1 1.06
-3.1 1.07
-3.9 1.03
8.2 1.09
9.5 1.02
0.3 0.93
7.001-06 1.01
7.45€-05 0.97
2.496-05 1.09
4.286-04 1.11
-7.2 0.99
5.08[-04 1.06
3.68¢-03 1.07
1.3 1.07
-3.6 1.02
0.4 1.10
-3.0 1.06
0.9 0.98
5.38:-05 1.08
-2.1 1.07
5.061-02 1.06
-3.2 1.04
-2.9 1.04
5.? 1.02
4.8 1.01
-5.2 0.96
[ 1.00
6.4 1.02
2.0 0.93

7.931--05 0.94

6.051” -08 0.99
3.8 0.97

2.956-02 1.07
1.1 1.06

1.12[ -07 0.99

1.42[ -07 0.92
6.1 1.15

1.231 -02 1.04
1.1 1.06

-3.3 1.06
4.36] -04 1.02
2. 01f -03 1.07

-1.2 1.07

2.63[ -05 0.93

2.14t -04 0.90

7.16[ -05 0.99

1.64F -04 0.95

4,938 -04 1.00

5.13t -05 1.11

1.22[ -03 0.96
1.3  0.96
0.6 0.99
2.9 1.07

-1.5 1.05

1.55€-03 1.00
-1.0 1.04

1.53F -06 1.05

-3.1 0.92
0.9 1.07
0.5 1.07
5.5 0.92

-2.1 1.07
4.0 0.93

-5.2 1.05



observed

position 0-C

3496.27971 -6
3496.3879 -16
3496.62467 -4
3496.9172 5
3497.98505 - 19
3500.67/22 0
3500.87307 -10
3501.2?725 -4
3501.46267 0
3503.2757 -14
3503.58072 -10
3504.34299 1
3504.46687 3
3504.7501 4
3505.86556 -3
3505.9535 -lo
3508.37903 5
3508.83606 -5
3509.55958 -11
3510.50011 7
3511.4304 -3
3511.59395 -11
3512.61083 2
3513.1269 -7
3513.83?02 1
3514.04553 15
3574.16499 4
3515.71368 -1
3519.84813 -2
3520.4096 11
3521.29060 1
3522.0952 43
3527.27609 0
3522.7403 -27
352?.7761 1
3526.39309 7
3526.56902 6
3527.03033 -1
3527.97044 -1
3529.05576 0
3529.2? 175 3
3530.07475 0
3530.75983 -8
3530.938? -61
3531.67595 -2
3536.18511 5
3540.04810 -18
3540.17271 -9
3540.67725
3542.7512
3542.89188
3543.59693
3543,.7194
3544.16297
3545. 99337
3547.51392 11
3548.39164 3
3548.51915 1
3550. 41278 -1
3550. 43108 3
3551, 75146 -11
3551. 85754 0
3552.10775 -1
3552.22751 1
3552. 40954 4
3552.5866 34
3552.80772 -1
3553. 7553 30
3554.7191 10
3554. 78054 3
3557.17 963 -2
“3557.7137 100
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Tabl € 7 conti nued

observed
strength Xs (0-Cc)%'R

2.45E-04 4 2.20E-04 0.
1.576-04 2 2.14E-06 1.
8.00E-02 4 0.8 1.
9.76E-06 10 3.33t-07 1.
3.22[ -04 2 2.65E-06 1.06
2.75£-05 3 1.16E-06 1.04
7.61E-04 2 -1.7  0.95
1.86E-03 2 1.60£-03 0.97
6.80E-03 2 5.7 1.06
1.92¢ -01 4 4.6 1.05
1.716-04 2 -2.6 0.87
1.336-03 4 1.07e-03 0.938
1.686-03 3 2.16f -03 0.98
6.30E-02 5 -6.7 1.02
6.30E-03 5 5.20E -03 0.95
1.038-03 5 -5. 7 1.07
2.34E-04 2 1.338-06 1.05
3.90¢ -02 4 1.3 1.06
1.138-01 2 1.5  1.04
3.72¢ -03 3 7.936-03 1.09
9.30E-05 2 1.92¢-06 1.04
3.968-02 2 46 1.08
9.916-04 2 3.21E-03 0.
1.956-04 2 5.28E-04 0.
2.296-03 2 1.79-04 1.
2.55E-03 5 3.6 1.
2.28E-03
2.83E-04
5.726-03 3 3.5 0
7.20E-06 10 9.93[-06 O.
3.78E-03 2 21 0
6.456-05 3 7.78t-05 0.
1.736-02 3 -7.1
1.00e-01 3 6.4 1.00
4.556-03 2 -3.0 0.99
2.38E-03
7.55E-05 .
1.448-01 3 -2.6  1.01
1.36E-02 2 -5.3  0.95
1.70E-01 5 -1.2 1.02
8.48E-03 2 3. 01E-07 0.99
2.74E-03 3 2.7 1.00
5.50E-02 8 -2.3 1.02
2.40E-04 6 2.16E-04 1.02
2.47¢ -04 3 4.26E-06 1.07
1.63F -02 3 1.45E-02 1.12
1.296-04 2 -1.6 0.85
7.1 OE03 2 23 1.05

95
09
05
08

oo OO 5O ©
o> ©UI oS ®wm©

[N
o
(o]

2.26 -03 2 0.9 0.99
2.02e-02 3 -0.6 1.06
2.76E-02 3 -0.5 1.02
2.55t -02 3 2.08E-02 1.04

7.10E-03 3 4.7 1.05
5.930-02 3 0.5 1.06
1.420-03 2 1.22€-05 1.12
4.26E-04 3 2.756-03 1.10
7.27e-02 10 -3.1 0.99
1.97¢-03 2 3.926-06 1.05
2.72e-02 2 3.5 1.07
1.70E-03 6 4.86E-03 1.01
1.11E-04 3 4.86E-06 1.04
4.956-02 3 5.75£-02 1.03
7.476-02 2 5.22e-04 1.10

2.22t -01 4 33 1.07,
1.00E-02 5 2.7 1.04

1.56E-04 3 -5.3  0.87
3.95[-03 2 ?.91E-07 1.09
5.75E-03 4 8.25 -03 0.93
5.22E-05 2 3.63t -06 1.00
2.23E-03 3 1.8 0.95
5.518-02 2 -1.5 1.06
3.70E-06 10 2.33E-07 1.00

observed

position 0-Cc

3557.99948 3
3561.16374 3
3561. 7476 -12
3561.42842 6
3562.06225 -5
3563.58962 5
3564.06086 -2
3566.00486 2
3566.33036 1
3566.5336 -20
3568.79811 -6
3570.022 399
3570.0418 -3
3572.74835 -7
3575.1?7{1 3
3575.656?1 O
3574.48688 0
3576.85061 0
3577.21288 -4
3579.3445 -84
3581.88623 0
3587.02334 -8
3582.71676 5
3583.37857 3
3583.66351 1
3583.70962 -10
3584.3290 76
3585.24793 28
3587.1078 -6
3587.48869 1
3587.97548 0
3589.7973 -43
3590.23826 6
3590.86206 1
3591.3473 18
3591.60916 3
3591.68990 4
3593.79124 0
3595.4827 -4
3595.962 67
3596.23775 -12
3598.13526 -1
3598.60312 2
3598.97647 -9
3599.3919 -3
3599.52010 4
3599.9953 0
3600.9572 -20
3601.0267 -2
3603.02545 -2
3604.6530 -7
3607. 7625 -8
3608.38421 O
3608.4148? 3
3612.02330 5
3614.30042 -3
3615.23625 -6
3615.3284 -23
3615.64478 -11
3618.0062 -19
3618.0402 -70
3618.2297 -4
3619.4312 -51
3619.91611 -2
3623.20275 1
3624.12387 -6
3624.60074 -5
3625.17928
3626.2056
3630.76611
3630.83037
3634.98243
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observed
strength %s (o-c)%'R

1.46[-03 2 -5.1  0.95
1,416 -02 3 -2.6  1.03
1.636-02 2 01.6 1.05
1.25E -04 2 1.24E-05 0.83
5.80£-05 3 9. 01E-06 1.04
1.98-:00 4 06 1.08
4.19[-03 2 1.19€-06 1.06
1.7/E02 4 3.0 1.02
5.11 E-02 2 1.55E-05 1.10
2.67L-01 2 4.5  1.07
5.51[-02 3 -3.7 1.04
1.1 OE-05 4 3.90£-07 1.10
3.20f -05 3 1.176-06 1.07
2.23-03 3 2.1 0.98
1.07[ -02 2 1.96E-051.05
1.57e-02 2 -8.2  1.03
7.226-02 5  -4.6  0.99
5.928 02 3 6.8 1.09
7.136-02 2 -3.6  1.07
5.50F-02 10 4.8 1.15
2.660-04 3 1.95E-05 1.06
8.40F -05 3 6.51E-06 1.00
2.208 -02 2 2.076-02 1.03
1.25E -02 4 1.46E-02 1.09
8.90-07 3 6.9 1.08
1.60-02 3 -2.4 0.98
3.85¢ -05 4 6.576-03 1.02
4.30F -02 3 2.976-05 1.04
4.33-02 2 5.12[-02 1.02
1.326-02 4 -1.8 0.98
1. 01-023  -7.8 0.98
3.38[-05 3  -2.6 1.19
3.056-02 2 -0.9 1.07
6.406-04 4 2. 01E-05 1.06
2.28(-05 6 05 1.07
1.98] -03 2 6.2?[ -05 1.09
4. 16E-05 3 1.82[ -05 1.49
1.316-06 3 45 1.22
1.50E-02 10 1.656-05 1.09
3.30F -05 10 1.17e-06 1.01
1.35£-013 1.32€ -04 1.05
1.97e-01 3 48 111
6.55[-02 2 6.55£-05 1.10
4.70E -03 5 4.806-05 1.07
1.706-02 6 4.00E-06 1.16
3.356-02 3 -0.1  1.05
7.50£ 02 10  -5.6 1.01
2.2% 01 3 3.7 1.07
1.406-01 6 1.50[ -03 1.04
8.306-02 3 05 1.04
1.95[-05 3 5.14E-07 1.55
2.186-01 3 1.141-03 1.06
8.70£-05 3 9.97E-06 1.08
2.616-04 2 2.99:-05 1.08
4.55¢ 07 2 43 1.07
3.6X-02 2 -2.1 1.05
1.636-01 4 7.6 1.13
1.686-02 3 2.281-02 1.07
1.03€-02 3 1.256-03 1.08
1.63e-01 3 2.1 1.04
1.476 -03 5 6.371-06 0.96
5.236-04 5 2.086-06 1.02
3.84E-04 10 1.786-03 0.87
5.56f 02 6 9.4 1.13
3.200-02 3 -0.2  1.05
3.626-03 2 8.781.-05 1.08
5.176-04 2 B.64E-05 1.13
1.12¢ -02 4 2.62[. -04 1.13
2.596-01 2 1.361.-03 1.08
7.406-02 4 6.0 1.08
6.776-02 3 4.32["-04 1.09
7.726-03 2 3.98¢-03 1.06



observed
position 0-C
3638.08202 0
3639.9335 -24
3643.90321 -4
3644.32395 3
3648.66751 -lo
3652.38805 0
3660.37585 11
3661 .67712 21
3662.15295 -8
3663.0452? -2
3664.3052 -8
3665.41892 3
3665.83030 -7
3665.89647 -2
3674.69680 -4
3678.24251 -3
3680.37349 -5
3681.09930 -1
3681.28942 5
3681.33985 -1
3681.90366 -1
3682.56867 1
3682.95425 1
3683.6077 20
3683.7572 2
3683.8483 75
3687.536? 59
3690.63101 0
3691.06230 11
3691.39775 -38
3692.4910 -4
3693.2934 -15
3694.79355 3
3696.4624 -6
3700.0384 -7
3707.587?2 -13
3703.5908 6
3705.43792 8
3705.49098 -2
3705.75013
3706.41703
3706.61870
3706.6664
3707.42748
3708.65082
3709.19805 -?
3711.10?44 -13
3711.8755 -33
3713.15863 11
3713.75500 -2
3714.8810 -2
3715.3492 6
3716.07409 1
3716.3133 -4
3716.59711 -1
3718.8805 -40
3721.8520 -30
37?3.1497 -3
3723.18843 7
3723.83070 -4
3724.1883 7
3726.4488 -3
3726.4767 1
3728. ?674? 7
3728.9097( -7
3730.08970 0
3750.47667 5
3731.0707 -8
3752.73869 5
3754.0782 -35
3740.3931 4
3740.81353 -6

O~ g~

upper lower
J Ky Kc  J Ka Kc
1 01 1 10
4 2 2 515
103711210
10561129
523 6 16
6 43 550
313 220
515 4 2 2
5 3 3 4 4 0
6 2 4 7 1 7
113812211
&1 4 3 21
5 3 2 4 4 1
4 2 3 3 3 0
1 10 101
94610109
2 11 2 0 2
7 4 4 8 1 7
5 2 4 4 3 1
4 2 2 331
7 2 5 8 1 8
6 3 4 5 4 1
104711110
8 2 7 7 3 4
10651138
7 4 3 6 5 2
8 54 9 2 7
312 3 0 3
4 2 2 & 13
321 31 2
312 2 21
111 00O
2 20 2 11
52 3 5 1 4
7 3 5 6 4 2
7 3 4 7 2 5
5 3 3 6 0 6
6 3 6 2 4
4 3 5 0 5
[ 4 0 4
8 3 8 2 6
6 2 6 1 5
6 3 7 0 7
5 3 5 2 3
1014 1037
? 1 7
2 01
3 1 2
3 0 4
7 0 8
5 1 5
9 5 3
4 2 2
9 2 7
3 1 3
8 3 5
7 1 6
9 10
3 21
8 0 9
5 0 5
3 0 2
4 1 4
7 4 3
3 2 2
7 3 4
4 2 3
1 28
4 1 3
5 2 4
6 3 3
4 0 3
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observed
strength

Y.
w

1.90e-01
2.80£-02
3.88£-05
5.55€-05
4.98£-02
2.02e-04
1.69£-03
4.21E-04
1.75e-04
2.15E-03
2.78E-05
3.51e-03
8.65E-04
2.31E-03
1.83£-01
7.80E-05
6.68t-02
2.67€-04
7.03e-04
1.09€-03
1.60E-03
4.78E-04
7.90€-05
6.30 £-05
7.00 £-06

~NOWWNRNRNWNPNNOWNNNODNNNNNDNWWPWON

1.46E-01 1
1.57e-02

1.056-01

1.34¢ -02

4.02e-02

2.55e-02

1.07e-01

7.1 OE-05
2.56£-02 10
1.00£-03 10
4.00E-02
3.07e-03
2.77e-02
2.67e-03
1.27e-02
2.20E-03
4.31E-03
2.14E-04
5.35E-02
1.47¢ -01
1.1 OE-01
3.88e-04
3.17¢ - 04
1.1 OE-03 10
5.46E-06 5
2.57e-04 2
2.24F -03 3
1.97e-02 2
3.74E-03 10
1.37¢-02 10
1.50E-04 10
1.15€-03
4 .04E-04
3.89e-02
4.75£-02
4.44E-02
5.63F -05
2.09£-03
4.24E-02
1.64E-02
1.86E-04
3.428-02
5.90E-03
4.41E-02
1.21F -01

VWA N NAOO

NVOWwoNnNPoOoOWWwO D

NVWNNWWwWwPWLwNNPR O W

Tabl € 7 cont i nued

(o-c)%'R
6.1  1.02
3.16E-04 1.01
2. 01E-05 1.15
3.00E-05 1.06
3.58E-05 1.07
1.76E-04 1.06
1.1 111
3.326-04 1.20
2.926-04 1.16
1.76[-05 1.16
3.20E-05 1.16
3.226-03 1.15
1.14
2.74E-03 1.14
1.07
2.756-05 1.14
7.5 1.10
1.33e-05 1.
8.32¢-04 1.
-2.3
1.58E-04 1.
8.276-04 1.
5.866-05 1.
2.448-05
1.33£-05
1.45€-04 0.
2.25E-05 1.
8.8 1.11
3.7/E-02 1.16
1.336-01 1.11
-5.9  1.10
4.0 1.05
3.24E -02 1.06
6.87E -02 1.05
1.36E-04 1.23
1.45£-02 1.01
3.94 £-07 1.12
9.636-03 1.07
3.86E-05 1.14
9.0 1.11
1.92e-03 1.02
1.08£-02 0.99
6.496-05 1.31
4 .53F-02 1.09
1.69E-04 0.93
6.526-02 1.11
8.0 1.10
2.6 1.10
2.59€ -05 1.14
4.92E-05 1.16
3.11E-06 1.18
3.45E-06 1.43
1.88(-02 1.16
1.89£-03 0.97
2.336-02 1.09
1.26E-03 1.02
7.5 0.96
3.5 1.10
4.996-02 1.724
1.726-04 1.19
1.7  1.05
5.4  1.09
5.18t -02 1.05
5.906-04 1.51
1.60E-02 1.12
8.35E -03 1.02
4.978-02 1.09
7.8 0.93
-4.0  1.05
1.15£-02 1.03
5.43€-03 1.04
45 1.11

observed
position

3743.56562 1
3745.48568 0
3746.3228 11
3747.42919 -2
3747.4939 15
3748.21051 -1
3748.3917 -32
3750.27813 3
3750.9559 -9
3751.4697 -6
3752.138 -67
375?7.50069 -8
3752.83227 -6
3753.6523 5
3753.81867 -2
3755.02946 6
3755.40372 0
37>7,62852 -1
37>8.39891 -1
3758.62003 -6
3761.58471 -1
3761.67585 1
3762.1713 17

3767.8142 -11
3763.69972 5
3764.59916 8
3767.46440 -1
3768. 09248 -4
3768. 6898 -1
3768. 94027 -1

3710. 45539 0
37%1.56285 0
3771.76962 -9
37%2.50993 4
3774.05338 -4
37{4.4378 -6
37(4.47589 2
37/6. 07016 -2
37{/.94925 -3
3778.26175 0
37&9.15124 -1
3781. 40069 7
3781.80144 -1
3787.6320 -3
3783.75063 5
3784.4602 - 46
3784.93216 -3
3785.26758 1
3785. 68771 -5
3787.12693 -?
3789. 24375 0
3789.27142 -2?
3789. 63483 -2
3790. 4312 -15
3791.8?18 15
3791. 95625 -9
3793.4907 -lo
3795.16811 0
3795.50326 -5
3795.64228 2
3795.79848 -4
3796.89442 -2
3798.58304 -2
3798.80066 O
3798.93532 0
3799.04741 3
3799.93351 -1
3800.44303 -6
3800.81936 0
3800.87807 -8
3803.833 126
3804.2006 O

0-C

upper lower

J Kg Kc J Kg Ke

6 15 6 0 6

6 4 3 6 3 4

2 21 110

5 4 1 5 3 2

9 5 4 9 4 5

735 7 2 6

11 38 11 2 9
8 4 5 8 3 6

4 4 0 &4 3 1

5 0 5 & 1 4

6 2 5 6 1 6

4 4 1 4 3 2

2 2 0 111

10 5 6 10 &4 7
5 4 2 5 3 3

9 4 6 9 3 7

5 1 5 4 0 4

8 5 3 8 4 4

8 3 6 8 2 7

9 2 7 9 1 8

8 3 5 7 4 4

10 4 7 10 3 8
7 1 6 7 0 7

12 5 8 12 4 9
322 211

75 2 7 4 3

95 5 94 6

75 3 7 4 4

606 5 1 5

651 642

616 505

550541

551 5427

10 64 10 5 5
6 155 214

12 2 10 13 1 13
126 7 12 5 8
10 28 10 1 9
4 2 3 312

10 6 5 10 5 6
963 9514

964 955

87 7818

103 8 10 2 9
8 6 2 85 3

86 3 854

707 6 1 6

321 212

7 1 7 606

762 753

660 651

661 652

524 413

11 74 11 6 5
11 7 5 11 6 6
112911110
10101 1092
100 7 3 10 6 4
7 1 6 6 2 5

10 74 10 6 5
9 1 8 9 0 9

9 2 8 9 1 9

3 3 0 3 0 3

9 7 2 9 6 3

9 7 3 9 6 4

3 3 1 2 20

6 2 5 5 1 4

330 2 21

8 1 8 7 0 7

8 08 7 1 7

7 7 0 7 6 1

12 8 4 12 7 5

observed
strength Xs (0o-c)%'R

6.10[ -03 8 3.9 1.07
3.006-02 5 1.626-02 1.03
1.19-01 2 -3.3 1.1l

3.1 OE-01 2 2.65£-02 1.08
2.736-03 10 9.59£-04 0.96
2.31E-03 3 2.896-03 1.03
1.356-04 10 -5.1  0.96
5.12F -04 4 3.24£-03 0.98
1.50E-01 3 9.87¢-03 1.09
8.006-07 3  -1.3 1.09
1.53£-02 10 -1.0 1.10
5.50[-01 3 2.97e-02 1.07
3.1 OE-02 6 3.48t -02 0.95
3.776-06 3 3.248-04 1.03
1.74£-01 3 8.94E-03 1.05
1.536-04 2 3.860-04 0.93
2.700-02 2 -3.2 1.06
2.78F -03 4 9.06E-04 1.02
3.00f -03 3 3.38f -03 1.02
1.486-03 3 5.7 0.99
7.02[ -06 3 9.86F -05 1.72
2.05[ -04 2 3.69£-04 0.93
7.25(-03 2 0.5 1.00
2.80E-06 2 2.571,-05 0.77
3.13[ -02 3 0.9 1.10
2.02% —02 2 6.651" -03 1.09
2.05E -03 2 3.39[”-04 1.00
7.56f -03 4 2.27[. -03 1.07
1.63t -02 4 -2.6 1.09
1.118-02 2 4.32[ -03 1.04
5.306-02 5 4.0 1.16
4.076-02 6 1.67[ -02 1.10
1.32[ -02 3 5.5%£-03 1.07
1.526-04 2 9.01E-05 0.99
4.686-03 2 -4.6 1.14
1.64E-06 10 6.80 -06 1.21
5.16F -05 2 2.18[ -05 0.91
1.33%F -04 2 1,8 0.93
6.456-02 2 1.0 1.08
5.16E-04 2 2.84F -04 0.99
1.40£-03 5 8.64F -04 1.04
4.676-04 2 2.94F -04 1.00

2.596-03 2 7.9 1.00
3.266-04 2 -2.7 0.94
1.11E-03 2 7.79¢ -04 1.06
3.23E-03 10 2.36f -03 1.00
2.706-02 3 3.4 1.18
9.416-02 2 5.72F -02 1.17
8.78[-03 2 0.1 1.1

2.09£-03 2 1.68t -03 1.06
2.74E-03 2 2.40F -03 1.11
8.13£-03 2 7.19t -03 1.10

1.30e-02 2 0.3 1.07
5.68E-05 2  -0.4 0.97
1.89-05 4  -2.0 0.95
1. O1-04 2 4.5 0.9
3.526 -06 4 7.99 -05 1.09
6.28[-05 4 1.4 1.03
7.42[-03 3 0.4 1.10
1.80E-04 2 -3.7  0.97

9.55£-04 3 7.53t -04 0.98
2.93E-04 3 2.39t -04 0.94
9.27e-04 2 1.1 OE-03 1.0?
4.89E-04 2 -6.1 1.01
1.53F -04 6 1.74E-04 0.95
4.256-02 3 5.24E-02 1.11

2.10E-02 2 2.5 1.09
1.64E-01 2 4.2 113
1.18[-02 3 2.2 1.18

2.33¢-03 3 3.836-03 1.15
2. 01e-03 2 2.37e-03 1.06
2.05E-06 10 4.0 1.06



observed
position 0-C

3804.4962 -16
3804.7s85 2
3808.0779 7
3808.167 -120
3808.1778 -22
3808.989.7 24
3810.2363 29
3810.32570 &
3811 .736  -61
3811.7971 6
3813.7991 -10
3813.8034 O
3813.98079 1
3815.54495 -6
3815.6885 8
3818.68263 4
*3823.844 48
3824.28073 -4
3875.55220 -1
*3825.6941 2
3826,07851 -2
3826.4163 -56
“3827.1806 -10
3828.59021 -3
3828.9926 -10
3830.15211 -2
3830.21929 -13
3830.36670 O
3834.21419 5
3834.5081 36
3841.48?7 -16
3844.3517 46
3844.4042 -9
3845.40158 2
3846.39921 -6
3847.26742 2
3849.5793 16
3849,59904 -5
3853.57572 -4
3855.0453 4
3856.78385 4
3857.67422 -10
3859.03617 -4
3859.30147 0
3860.5168 45
3861.5147 -7
3867.5295 -19
3868.23225 -3
3871.08168 7
3875.72440 -4
387.3.94422 -8
3888.8?  -522
3892.00?751 -7
3893.77003 9
3893.79629 -6
3897.97582 -1
3898.7491 48
3902.44078 .3
3905.80763 -1
3906.49242 1
3910.17943 14
3913.0413 -78
3913.42639 -2
3913.4401 -3
3914.03749 4
3916.3792 51
3916.60601 -5
3921.10308
3922.89902
3973.46764
3923.94709
39?4.88295 -9
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Table ‘/ Cent-ihued

(0o-c)%°R

-8.3  0.94
1.91E-05 0.85
1.74E-05 1.02
5.816-06 1.04
1.7¢8-06 1.17
1.76F -06 1.25
6.96E-07 1.44
2.976-03 1.12
1.48[-05 1.0¢
1.70£-04 0.8%
9.196-05 1.05
3.06 E-05 1.05
B.8B6E-04 1.12
-2.2  1.15
-1.8  1.16
1.0 1.14
4.88E-07 1.04
8.93E-03 1.05
319602 1.14
5.426-06 1.05
2.926-05 0.81
9.41E-06 0.91
2.16£-05 1.01
1.29€-03 1.05
3.58£-06 1.3C
-3.8  1.17
-2. 1.8
6.33[-04 1.14
2.31E-04 1.10
-3.6  1.08
2.326-06 0.85
-10.4 147
-5.9 1.23
2.386-05 1.12
2.316-02 1.06
7.81€-05 1.11
6.66F -0? 1.05
1.99£-01 1.06
4.976-0? 1.08
3.09-03 1.07
1.14E-03 1.06
6.24E-05 1.16
3.96E-04 1.07
1.69E-04 1.09
1.07£-05 0.97
1.04 -03 1.05
2.09-05 1.05
3.126-03 1.08
8.90£-03 1.08
6.41E-02 1.02
2.116-02 1.05

. 5.366-06 0.27

4.36E-03 1.06
2.49e-02 0.87
7.46E-02 0.81
9.05¢ -03 1.08
1.886-03 1.13
2.68£-03 1.05
6.84£-04 1.05
3.29e-04 1.11
4.32 €-04 1.09

0
2 -
.90E-03 1.00
.336-02 1.14
.12t -02 1.00
1.048-04 0.98
1.20[ -03 1.09
9.70t -03 1.05
2.588-04 1.12
2.85e-05 0.88

9
1
1
1
3
1

observed

position o-Cc

3926.9044 25
3928.8135 -13
3931.16133 O
3932.0805 -30
3935.39346 O
¢ 3935.800 -lo
3938.05622 -2
3939.11133 -lo
3945.2648 -19
3945.4041 -80
3948.83689 17
3952.34433 4
3953.7820 -13
3958.14097 1
3958.17712 -2
3958.21998 -2
3965.69558 12
3967.56207 4
3975.5297 20
3973.8088 26
3974.75301 3
® 3974.9680 -32
3976.57377 -3
3978.81409 5
3979.72046 -3
3979.79188 -5
3979.99545 -3
3982.28982 4
3985.02062 -1
3985.07838 -2
3986.00571 O
3986.22833 4
3988.75786 24
3992.52001 -4
3995.0068 -11
3997.0745 -27
3997.0803 118
3998.06658 10
4000.46993 O
4001.28186 -4
4003.85666 -27
4004.4195 21
4010.5237? -3
4011.12236 17
*4011.7549 -16
4012.23136 -4
4016.3279 33
4018.5392 31
4018.5723 5
4019.68314 -11
4021.08398 2
4022.23450 -4
4027.9645 56
4028.89812 39
4030.0795 13
4030.5690 1
4031.4032 24
4032.6345 -16
4033.5116 13
“4033.6971 13
4035.4702 63
4036.4? 697 -1
4036.69705 O
4039.23224 -7
“4039.2766 9
4039.3842 -23
4039.99866 272
4040.7501 -9
4043.34121 -6
4047.1352 -1
4047 9429 30
4050.85335 -3
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observed
strength %s

7.006-06 3
8.00E -07 10
9.53E-04 3
2.62[-02 2
2.098 -04 2
9.7A-04
7.186-03
1.69E-02
9.45£-05
2.06E-06 10
1.336-05 6
9.33£-03 2
2.30[ -05 10
9.80E-04
2.936-03
2.34E-02
4.256-05
3.50E-03
3.64E-05
2.06£-04 10
7.50£-03 4
6.576-04
7.21f -03
2.41E-03
1.786 -03
3.126-03
1.08E-03
1.676-02
7.24E -03
?2.02e-04
3.926-03
7.24E-05
§.24E-05
1.66E-03
3.336-02
8.70E-04
2.90E-04
4.70E-05
8.256-04
2.376-03
1.45E-04
3.44E-05
9.526-04
7.95E -04
2.91F -04
3.776-05
5.38£-06
2.368-04
7.22E-04
1.47E-03
3.68£-03
4. 2BE-04
1.65E-05
1.65( -05
9.60E-06
§.576-04
6.25E-03
1.696-03
2.63t -05
2.98E-04
1.33£-06 10
4.536-04 3
2.356-04 2
4.286-04 3
3.50E-06 10
1.42E-04 2
7.92E-04 2
5.056£-06 4
5.06-04 ?
9.306-06 5
8. DIE-05 2
3.400-04 3
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(0o-c)%°R

2.35E-07 0.79
1.42e-11 0.47
3.27¢-04 1.07
4.316-03 1.09
3.26F -04 1.14
3.45-02 0.81
4,308 -03 1.04
1.32e8-02 0.99
3.64E -04 1.16
9.7¢E-06 1.44
6.448-05 1.14
1. 01E-03 1.07
1.50E-04 1.19
3.50e-03 0.99
1.05E-02 0.99
4.25E-03 1.04
1.07e -04 1.12
4.26E-03 1.09
1.80E-04 1.11
6.9t -04 1.00
2.66E-04 0.93
6.43E-03 0.85
3.896-04 0.96
1.71€-03 1.15
4,988 -04 1.11
3.97t -03 0.95
1.33t-03 1.00
8.256-04 1.08
1.45€-03 1.01
1.80E-05 0.93
9.04£-04 1.12
2.826-04 1.15
1.47-05 0.91
1.91E-04 1.06
3.52¢ -03 0.99
1.836-03 0.97
6.1 OE-04 0.97
6.32e-04 1.18
4.74E-04 1.02
1.45€-03 1.03
7.39-04 1.29
2.09:-04 1.17
1.51 -04 1.05
8.93:-04 1.11
6.051-04 0.88
9.121-04 1.35
3.7/1-05 1.15
-5.0 0.98
-3.1 1.00
W94E-04 1.01
.101” -03 1.03
LT4E-04 1.06
.72[”-04 1.13
.22[ -04 1.33
.77t -05 1.30
.03[ -04 1.04
.18[ -03 1.01
348 -04 1.16
53[ -04 1.27
4Bt -04 0.96

24t -04 1.16
57t -05 1.00
27¢ <04 1.02
320 -05 2.94
09 -04 1.02
54k -04 1.06
LIE-05 1.18
94E -04 1.01
JA49E-06 0.72
.88E-05 0.82
.50E-05 0.99

4
1
1
1
1
i
1
1
6
2
?
i
3
5
3
A
1
1
6
1
5
5
5



observed
position

4051.0512 53
4052.18013 10
4055.0160 O
4055.0220 O
4056.556? -2
4057.75572 11
4058.9574 -20
4059.5045 -15
4062.8827 -8
*406? .9210
4065.48795 0
4066.1247 5
*4070. 1729 0

3

0

o

4075.31655

4075.6125

407>.6384 -3
4077.38507 0
4078.44116 21
4079.02548 0
4080.0247 70
4080.20947 17
4081.54208 24
‘4083.711 0
*4085.478 0
4088.37048 11
408%$.65397 4
4088.7895 35
4089.277 -225
4089.2955 -41
4090.00641 0
4090.5613 52
‘4091.8249 0
4093.06305 *?
4093.2526 34
4093.53688 - 14
4093.9766 0
4095.3904 11
4098. 2?00 O
4106.37//2 O
4107.04756 3
4107.9798 0
4110.51187 6
4111.9465 4
4112,844 1
4112.848 -1
4114.2139 0
4714.5584 0
4117.628 0
4118.5162 0
4125.19408 6
4125.437(1 3
4178.72765 3
4131.06550 -6

4131.871 0
4133.06681 -6
4133.172 0
.4133.189 0

* asterisk denotes a doubled absorption with the auentum assianmct

0-C

lower observed
J Ky Kc strength Xs

upper
J Ka Ke

1 9 6.00E-06
16 41 OE-03
7 2 1.38£-04
4.60E-05
3.90E-06
1.51E-03
6.67€-05
1.938-04
5.37¢-05
3.27€-06
5.59E-05
1 E-05

9 4
8 4
108
10 8
5
3
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4
2

3

3

4

2

[A
3

2

4

2

.1 2
5.526-05 2
1.326-03 2
2

2

2

2

4

0

2

2

0

0

2

2

=
o
©

2

(o]

1
5
3 2.29E-05
4  6.86E-05
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1.50£-06
5  JSTE-04
8 2. 01E-04
3 1.19£-06 10
7 1.40E-06 10
6 8.80£-07 10
8 &4.40E-05 3
2.1 OE-06 10
2.86E-05 2
2.396-04 2
5.90E-06 10
7.97€-04 2
7.65E-06 5
2.71E -05 2
2.25E-05 4
2.958-04 3
8.83€-04 2
7.20E-06 8
3
4
3
3
8
3

=
=
=

w
]
oo ~
PN ® N
o
N
PO o
N
N N
N
~ o
NP mohrwOl
~ o

o~ oo

1.20E-04
2.02t-06
8.32¢-06
2.78t -06
2.70E-06
7.74E-06
1.80t -06 10
3.30E -06 10
1.28E -03 3
3.91E-04 2
6.68E-04 4
3.07¢ -05 2
7 3.08£-06 10
9 2 7 2.348-03 2
1284 9.77e-07 8
12 8 5 2.93-06 8
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Tabl ¢ 7 cont i nued

observed

(0-c)X* R position o-¢
2.05E-04 1.40
2.27¢ -03 1.08
1.07e-04 0.97
3.57e-05 0.97
4.1 OE-05 1.34
-2.1 1.14
5. 01E-05 1.05
1.526-04 1.03
5.84£-06 0.95
2.28£-05 2.30
2.50£-05 1.02
1.60e-04 0.99
3.55e-05 0.87
4.476-04 1.01
-0.7 1.02
-0.9 1.02
6.79E -05 1.04
1.34E-04 1.09
-0.9 1.00
3.63E-05 1.46
9.74E-04 0.99
§,92E-04 1.03
5.11 E-05 1.37
1.556-05 1.64
4.35E-04 1.12
1.156-04 1.15
3.126-05 1.09
3.31E-05 1.56
1.57¢-05 1.77
2.956-05 1.04
5.07e-05 1.24
3.22e-05 0.94
4.02E-04 0.96
3.720-04 1.43
6.24E-04 1.20
9.48E-06 0.95
4.19E-05 1.06
3.04E-05 1.05
1.1 1.19
1.13e-03 0.92
1.06F -05 1.01
3.20F -04 0.99
1.96E-04 1.50
1.96[-05 0.96
6.536-06 0.96
7.31E-06 0.99
2.20E-05 0.95
4.04E-06 0.97
3.83e-06 1.15
1.096-03 0.96
2.84E-04 0.87
-4.2 1.12
2.40E-05 1.12
9.696-06 1.36
5.37e-04 0.97
4.14E-06 1.06
1.24E-05 1.07

4138.126
4142.92491

4145.42242
4148.87833
4156.097{4
4159.8514
4163.5631 18
6169.0646 4
4172.03550 -2
4175.9081 -24
4179.7960 6
4182.5595 4
4197.1014 4
4197.2715 68
4197.7976 37
4200.92627 0
4701.37193 -13
4202.2544 4
4206.3569 21
4214.06182 32
4217.1892 5
4222.1291 14
4222.9480 10
4223.254 96
4234.0959 0
4236.6253 -2
4247.9592 19
4249.1394 -56
4250.3335 79
4252.3799 24
4253.9918 -4
4254.1075 -24
4257.7004 20
4261.7463 2
4263.3011 -40
4271.0236 32
4275.7222 0
4282.0317 -48
4285.525 -4
4295.077 0
4298.4058 50
4303.2140 38
4304.4911 -6
4304.6223 -5
4307.4751 -11
4327.699 -151
4329.748 298
4335.416 260
4353.145 336
4353.7025 -10
4354.4615 0
4388.31 341
4401.1886 0
4411.270 513
4616.8199 -11
4468.70 613

'
oNvNOwoe

represents the sum of the strengths of the twoconparable transitions.

upper lower obse r ved

J Kg Ko JKgKc strength Xs(o-c)X® R

15 7 8 14 69 1.30E-06 10 4.31€E-06 1.07
7 52 6 2 5 31 O0E-04 3 1.09e-03 0.90
11 3 8 10 2 9 2.38tE-04 3 2.19¢-04 1.20
102 8 9 19 1.43E-04 2 3.2 1.23
103 8 9 0 9 4.56f -04 3 5.09t-04 1.22
55 1 4 0 4 2.66E-06 10 1.43E-05 1.12
1 5 7 10 2 8 1.59e-04 3 1.00e-04 1.03
6 6 1 5 3 2 2.43E-0531.76F -04 0.92
11 4 8 10 1 9 9.226-05 2 1.24E-04 1.20
6 6 053 3 7.70t -06 10 6.04E-05 0.89
8 53 7 2 6 5.88E-05 4 3.08[-04 0.82
8 4 4 7 1 7 6.83E-05 5 2.34E-04 0.89
12 5 8 11 2 9 1.15E-04 3 1.56E-04 1.07
8 6 3 7 3 4 2.75E-05 2 3.18:-04 0.74
7 6 1 6 3 4 3.35-05 3 3.19:-04 0.85
123911210 2.826-052 4.796-05 1.15
6 5 2 5 0 5 1.48E-05 5 1.23£-04 0.90
11 2 9 10 1 10 2.00e-04 3 2.75E-04 1.22
113910010 6.98£-05 3 1.02E-04 1.23
1065 9 3 6 8.30e-06 7 2.04E-04 0.51
12 4 9 11 1 10 9.70£-05 2 2.00:-04 1.18
9 5 4 8 2 7 6.84E-05 2 6.326-04 0.76
8 6 2 7 3 5 8.70¢ -06 5 1.17c-04 0.76
11 66 10 3 7 1.70e-06 10 4.57c-05 0.47
135912210 7.90e-06 5 2.59:-05 0.838
12 6 7 11 3 8 4.7/-06 4 8.31F -05 0.51
9 4 5 8 1 8 1.00[ -05 5 3.83-04 0.60
7536 0 6 4.506-06 6 5.841-05 0.73
9 6 3 8 3 6 1.54E-05 3 3.04E-04 0.72
1231011011 4.80E-05 5 1.85E-04 1.39
1221011111 2.86E-05 6 5.861-05 1.25
13 3 10 12 ? 11  3.16E-05 2 8.90:-05 1.25
13 6 8 12 3 9 1.93t -06 4 1.50:-05 0.56
146913310 1.12e-05 4 2.171,-05 0.95
7 7 0 6 4 3 2.20E-06 8 2.76f-05 0.58
1055 9 2 8 4.83-06 4 1.22:-04 0.61
1451013211 8. 06E-06 3 3.671,-05 1.19
8 7 2 7 4 3 3.18t-06 10 4.58t-05 0.62
8 7 1 7 4 4 9.00e-07 10 1.55£-05 0.52
15 4 11 14 3 12 1.40 E-07UL.1.25E-05 0.10
9 7 3 8 4 4 5.308 -07 10 1.781” -05 0.40
8 5 4 7 0 7 1.01-052 1.741-04 0.67
13 2 11 12 1 12 3.28f -05 2 1.07¢:-04  1.27
1331112012 1.06£-05 2 3.661-05 1.27
9 7 2 8 4 5 1.41E-06 10 5.55E-05 0.35
11 5 6 10 2 9 1.02e-06 10 1.851-04 0.26
1073 9 4 6 1.65-07 UL.1.85E-05 0.21
8 6 3 7 1 6 1.158 -06 10 5.64:-05 0.46
11 74 10 4 7 1.60E-07 UL.4.7/t-05 0.05
1431213013 1.13e-05 10 6.17¢-05 1.15
1421213113 3.03t -06 8 2.03E-05 0.93
1 0 8 3 9 5 4 3.50E-08UL. 5.33[. -06 0.02
1521314114 3.00E-06 10 3.18[”-05 1.03
11 83 10 5 6 2.10E-O7U1. 8.081-06 0.19
10 5 6 9 0 9 3.74t -06 10 9.28E-05 0.87
10 7 4 9 2 7 7.1 OE-08 UL. 6.20["-06 0.07

‘-given for the st'rc?ﬁér transition. Thestrength given

o-c are observed minus conputedline positions in em‘'x 1 0°. Computed velues derived from energy levels given in table 2 and
ground state levels given in ref. 16

Xsare estimated uncertainties in the measured line strengths given in percent

a. (0-c)% is the percent difference between the observed and computed line strength or the value of the computed strength if the
difference between the observed and computed values is ®112% or larger in magnitude.

R is the ratio of the observed line strength derived in this study to the computed value given in ref. 14

UL. upper Limit. Therewere no apparent absorption features in any of the spectra Within10.015 cnTof the listed frequency.
The observed strength given represents the maximum strength the transition can have taking into consideration nearby absorption
features of other transitions and alsosthe signal-to-noise ratio of the spectra.



Table 8.

observed

position 0-cC

‘2992.1605 16-4
3008.277/ -4
3013.162 -277
3013.21442 -8
3027.0140 47
3028.2616 30
*3036 .2214 169
3040.7415 30
3041.0884 2%
3054.1929 13
3059.2586 -97
3074.7196 15
3077.7453 -22
3080.3735 -5
3085.35744 3
3085.5065 1
3085.55892 3
3085.68966 0
3086.1330 -14
3092.28571 33
3101.803? -23
3112.5424 -15
3112.5879 0
3112.67092 3
3116.3069 -41
3120.1920 11
3179.59935 5
3136.1715 19
3139.112?9 1
*3140.021 240
3142.13175 3
3145.89477 2
3147.0055 14
3149.3375 29

3162.0846 -1
3162.12989 3
3165.45995 4
3166.45616 -2
3177.1313 17
3184.5299 6
3186.35?5 -18
3188.29715 5
3190.1700 -18
3191.97194 3
3192.10360 -7
3192.22926 -6
3193.05916 2
3700.925? 53
3?00.99837 10
3211.2165 -5
3211.55527 -1
3214.0333 6
3215.3? 035 13
3218.71203 -12
3218.75912 13
3??0.29233 -1
3223.45795 8
3230.28416 6
3230.42005 -3
3?30.92145 -4
3?36.155 -315
3?36.39957 -5
3242.9512 -9
3247.36325 3
3251.50867 -1
3261.2665 0
3264.24009 4
3266.0867 4
3271.4129 -4
3271.9143 -4
3272.05174 -1
3275.07[5 51
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observed
strength

1.57e-06
2.33E-06
1.17e-06
4.53€-05
4.95E-06
5.60E-06
8.47-06
7.18£-06
1.32e-06
8.37¢-07
1.30£-05
2.10E-06
9.00E-06
3.40E-06
2.33e-05
3.37E-06
7.52¢-06
9.10E-06
5.41E-06
7.62E-06
5.65E-06
1.66E-05
4.70€-05
1.06E-05
4.80E-06
3.22e-05
1.93E-05
5.19¢-06
8.43E-05
8.60t-05
2.78E-05
2.28E-05
7.248-05
7.80E-06
2.236-05
7.30£-05
2.55E-05
6.22£-05
1.88E-04
1.50E-06
2.76E-05
1.50£-06
2.61E-05
3.15€-05
3.376-04
2.57c-04
1.126-04
4 .87E-05
5.67€-06
3.78E-05
4.70E-06
1.42E-04
9.60E-05
2.22F -04
1.316-04
3.76E-04
2.16E-04
7.48E-05
3.85E-04
8.27€-04
1.93c -04
2.97e-06
3.33e-04
8.70£-06
1.356-03
4 ,92E-04
4. 44E-05
3.290-04
5.00E-04
8.05£-06
2.44E-04
1.34E-04
6.90E-06

(0-c)%R

6.20£-07
1.14E-06
8.57€-07
2.71E-07
3.736-06
431806
3.55€-06
3.36£-06
1.556-06 0. 79
5.608 -07 0.99
4.21E-06 1. 32
1.796-06 1. 07
6.04£-06 0. 96
1.10E-06 0.97
1.09€-05 0.94
1.1 0E-06 0.93
3.63E-06 0.91
4.156-06 0.92
-2.5 0.90
5.86[. -06 0.93
-6.7 0.88
7.37e-06 1.00
2.21E-05 0.95
4.476-06 0.99
4.17e-06 0.83
1.33£-05 0.95
1.05£-05 0.95
3.41E-06 0.93
3.67€-05 0.97
3.99e-05 0.97
1.226-05 0.94
1.86E-05 0.96
5.16E-05 0.99
-2.8 0.93
3.3 1.01
1.3 1.07
1.20E-05 0.95
2.78E-05 0.96
8.33F -05 0.96
3.45E -06 0.93
-3.5  1.04
1.00E-06 0.91
1.148-05 1.03
2.336-05 0

1.496-04 1

1.056-04 1

4.96E-05 0

3.48E-05 0

6.62E-06 0

2.81E-05 1

3.90E-05 0

3.56E-05 0

25 0

3.6 0

5.876-05 1

1.76E-04 0.
8.54E-05 0.98

1

0

1

1

1

0

0

1

1

1

1

1

1

PROooooor
~
I3

2.0
2.25E-04
2.56E-04
1.33E-04
1.71E-06
2.95E -04
1.06E-05
5.14E-04
1.71E-04
3.14E-05
2.34E-04
2.04E-04
6.76E -06

1.45E-04 0.99
4.96E-06 1.01

*3368.2975

observed

position 0-C

327.$.87408 0
327>.17>13 -5
3278.84136 -1

‘3282.009 358

3285.0520 3
3285.7274 -23
3286.16913 16
3296.0868 -3
3297.57573 -2
3298.10676 1
3300.21398 -2
3300.50072 1
3311.7594 -4
3313.449 -178
3314.6057 -4
3315.04288 -1
3318.3628 -22
3370.485 0
3320.5417 21

*3322.126 0

3323.3414 24
3323.387 -110
3325.375 -202
3325.841 -12
3326.79630 -3
3327.5880 -3
3328.424 0
3329.64418 2
3329.8365 27
3330. 0386 25
3330.77150 -6
3341.38362 1
3342.0102 V7
3344.9932 4
3345.3935 0

‘3346.7976 0

3347.3814 -2
3347.4300 0
3348.1933 2
3349.86205 -10
3351.6215 6
3352.640 -28
3355.70595 4
3356.3388 40

‘3356.9082 5

3359.51985 9
3359.7996 124
3364.2895 -12
3364.87691 5
3365.3822 24
3367.8139

3368.5275
3368.81952
3369.1361
3370.9025 -1

©UloO o

¥3372.8272 -21

3373.87454 3
3373.9321 24
3374.3321 5
3375.1870 -7
3378.5297 28
3379.12374 1
3380.1152 1
3382.4747 56
3382.86970 5

'3382.9069 -311

3383.07556 -1
3384.11345 4
3384.38710 3
3385.9171 -1
3386.35361 -34
3387.8479 3

16
ofxb o .

upper lower
J KgKe JKg Ke

6 4 3 7 6 2
6 4 2 7 6 1
9 181037
9 7 3 9 9 0
8 2 7 9 4 6
4 13 550
8 0 8 9 2 7
10 2 8 10 6 5
9 3610565
7 3 5 8 5 4
5 4 2 6 6 1
5 4 1 6 6 0
7 25 7 6 2
8 2 6 8 6 3
1011010837
8 3 5 9 5 4
5 05 6 4 2
16 7 7 15 7 8
9 0 9 9 4 6
18 1 17 19 1 18
9 2710 46
11 6 6 11 8 3
12 66 12 8 5
14 68 15 6 9
7 1 7 8 3 6
6 3 4 7 5 3
1541116412
72 6 84 5
9 6 4 9 81
9 6 3 9 8 2
7 3 4 8 5 3
8 1 7 9 3 6
9 1.8 9 5 5
145915510
16 2 14 17 2 15
12 9 3 13 94
15 4 1216 4 13
1531216313
6 3 3 7 5 2
7 0 7 8 2 6
14 4 10 15 4 11
13 5 8 14 5 9
5 3 3 6 5 2
11 2 10 11 4 7
11 10 2 12 10 3
53 2 6 51
13 6 8 14 69
4 0 4 5 41
8 2 6 9 4 5
8 0 8 8 4 5
15 2 13 16 2 14
1 1 15 17 1 16
15 3 13 16 3 14
6 2 5 7 4 4
8 1 7 8 5 4
14 3 11 15 3 12
11 93 12 9 4
135914510
12 7 5 13 76
12 76 13 7 7
134914410
9 1 9 9 3 6
6 1 6 7 3 5
10 5 6 10 73
12 66 13 6 7
9 55 9 7 2
10 10 0 11 10 1
4 3 2 5 51
12 5 7 13 5 8
4 3 1 5 5 0
9 54 9 7 3
8 53 8 7 2
75 3 7 70

Line posit ions (em’') and strengths (cm?/atm. at 296K)
observed in the (001 ) - (000) band

observed
strength Xs (o-c)%'R

7.06E-04 2 2.68t-04 1.02
2.1 OE-03 2 8.04E-04 0.99
1.25F -04 2 -3.5 0.98
1.27¢ -06 10 9.29¢-07 0.81
3.78¢ -04 3 2.98t-04 1.02
3.876-053 2.916-05 0.99
7.03£-04 2 2.1 1.02
7.45E-06 10 5.90£-06 0.96
7.156-05 2 1.14E-04 0.97
4.286-03 3 1.38£-03 1.00
2.1 OE-03 2 8.33t-04 1.00
7.12F -04 2 2.78£-04 1.01
2.60E-06 10 13.0 0.89
1.39[-05 10 1.1 OE-O5 0.98
5.20e -06 15 3.60[ -06 1.14
3.468 -04 2 7.951-04 1.00
2.1 OE-04 2 1.47:-04 1.04
1.41-06 15 26 1.21
9.50E-06 10 8.00:-06 1.00
3.00£-07 10 3.91E-07 0.83
1.86t -04 ? 2.071,-04 0.99
2.556-06 10 1.73L -06 0.90
7.40£-07 15 16.0 0.71
2.11 E-06 15 3.5617-060.74
1.98E -03 2 1.796-03 1.04
3.45£-03 4 8.30["-04 1.02
6.80E-07 10 6.9 1.08
3.66E-03 2 2.34} -03 1.03
9.506-06 6 6.13[. -06 0.92
3.20E-06 10 2.056-06 0.94
6.60F -05 2 5.181” -04 0.94
1.46£-03 3 -2.1 1.03
1.40£-05 6 1.181-05 0.96
5.80£-06 5 6.88[. -06 1.00
2.366-06 5 6.9 1.05
3.05E-06 10 -3.8 1.09
3.77e-06 6 -10,4 0.94
1.306-06 10 -9.5 0.9
2.30e-04 4 2.59[ -03 1.21
6.92e-04 2 1,0 1.03
1.06E-05 2 -6.7 0.9
6.1 OE-06 4 1.26f -05 1.04
1.876-02 4 3.468-03 1.06
1.17€-05 5 -0.6 0.85
2.40E-06 10 8.2 1.19
8.76E-03 4 1.168 -03 1.02
1.40£-05 4 1.84E-05 0.91
7.40t -04 3 4.738 -04 1.07
1.85f -03 3 2.1 OE-03 1.02
8.30E -05 3 7.25t -05 0.97
2.96E-06 10 4.14t -06 0.91
1.156-05 6 -2.0 1.05
1.27e-05 4 2.5 1.08
5.18[-03 5 1.6%t -03 1.04
1.1 OE-04 10 7.53t -05 1.17
2.12e-05 3 -7.0 1.01
1.02¢ -05 5 -5.9 1.05
3.94E-05 2 4.44E-05 1.05
2_30E-05 3 2.91E-05 0.91
8.41t -06 4 9.70e-06 1.00
1.97¢ -05 3 -4.8 0.97
6.1 OE-05 3 5.27t-05> 1.06
1.756-03 3 1.47e-03 1.05
7.57¢-06 5 6.02E-06 0.76
8.40F -05 2 3.2 1.22
5.216-05 2 3.52e-05 0.88
4.16£-06 7  -10.4 0.98
6.76£-03 3 1.04(-03 1.04
1.22¢ -04 4 1.82¢-04 0.95
2.42¢ 02 4 3.14E-03 1.05
1.97¢-05 2 1.17¢-05 0.99
8.47¢ -05 3 5.07[ -05 0.98
6.93t -05 2 4.34E-05 0.93



observed
position 0-Cc
3388.10595 8
3389.3?7416 12
3390.1336 -3
3391.0472 35
3393.0055 -49
3393.2158 O
*3393.6894 o
3396.17572 0

3398.1454 -5
3398.81305 -2
©3398.9028 -31

3399.75333 4
3400.40585 0
3400.5661 3
3402.15828 5
3402.6950 -6
3405.0296 -31
3407.8761 -4
3408.7488 -10
3410.2045 -5
3411.1056 -87
3411.8524 -46
3413.0677 32
*3413.5675 44
3413.8468 22
3413.857  -51
3413.90?9 1
3413.99131 0
3414.0302 2

3415.53568 -6
3415.66631 -7
*3416.1589 -17

3419.3540 57
3419.46218 5
3422.2727 44
3423.1166 -3

*3425.0171 20
3426.1866 15

3426.7927 4
3426.8484 12

3427.91718 -1
3435.6936 -12
*3436.291 66
3436.4472 -52
3437.4785 4
3437.7685 -21
3437.9884 39
3438.19075 5
3438.2206 4
3638.44826 -8
3438.58459 0
3438.6411 21
3438.7523 -10
‘3439.7642 5
3439.8958 -11
3439.93765 -6
3442.7803 13
3443.10243 -1
3445.0055 -1
3446.31117 -59
3448.40040 2
3448.6991 9
3450.1917 3
3453.1137 -2
3453.1297 16
3456. 2?5478 1
3457.5003 -5
*3458.5451 -89
3458.59614 -6
3458.7606 -7
3460.40922 3
*3460.5953 0
3461.6979 -5

uppce r lower
J K,Kc J Kg Kc
7 5 2 7 7 1
7 1 6 7 5 3
1521416215
1511416115
1341014411
1331014311
16 0 16 17 0 17
7 2 5 8 4 4
12 5 8 13 5 9
7 1 6 835
10 9 1 11 92
12 4 8 13 4 9
11 7 4 12 7 5
11 7 5 12 76
6 1 5 6 5 2
303 4 4 O
7 0 7 7 4 4
51 4 551
S 2 4 6 43
11 6 5 12 66
10 2 9 10 4 6
11 66 12 6 7
6 06 7 25
10 8 2 118 3
11 5 6 12 5 7
1421315214
1411315114
13 3 11 14 3 12
1321114212
123913310
124913410
15 1 15 16 1 16
11 4 8 11 65
6 2 4 T 4 3
11 3 9 11 5 6
11 5 7 1? 5 8
9911009 2
11 4 7 124 8
10 73 v 7 4
10 74 11 7 5
515 6 3 4
94 6 9 63
13 2 12 14 2 13
1221013211
10 64 11 6 5
11 3 8 12 3 9
8 1 8 835
5 23 64 2
10 6 5 11 6 6
11 4 8 124 9

4 1 14 15 1 15
1401415015
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Table 8 conti nued

observed observed upper lower
strength Xs  (0-&)X® R posit ion o0-c J Kg KC J Ky KC
2.37e-05 3 1.45E-05 0.95| 3464.38142 -7 96 31064
4.40E-05 5 3.61F -05 0.96| 3464.66833 11 96 41065
2.976-05 2 4.25-05 1.08| ‘3465.9503 0 8 8 0 9 8 1
1.426-05 3 0.2 1.08| 3466.0292 40 5 05 5 4 2
1.10E-04 3 1.03[-04 1.16| 3468.55815 14 32 2 4 4 1
3.80E-05 5 3,70E-05 1.07| 3469.004 120 1411414113
5.66E-05 2 5.17e-05 1.19| 3469.0286 12 1401414213
1.476-03 3 1.726-03 1.04| 3470.5641 5 9 4510 46
5.506-05 2 6.576-05 1.01| 3471.7055 -12 9 3 7 9 5 4
1.73£-03 3 -3.7  1.04| 3471.79498 -2 9541055
3.04E-05 2 2.7 1.13| 3475.2934 10 4 1 4 5 3 3
3.04E-04 3 -0.8  1.01| 3473.36978 -3 5 05 6 2 4
3.50-05 5 -4.3  1.09| 3474.7388 8 955105 6
1.06E-04 3 -3.4 1.10| 3474.7836 2 321 4 40
1.156-04 3 8.96[-05 1.00| ‘3479.3708 -17 8 71 9 7 2
1.21E-04 2 7.306-05 1.08| 3480.39544 -5 10 2 8 11 2 9
6.986-05 3 5.876-05 1.00( “3480.594 -140 11 2 10 12 2 11
1.30E-05 10 1.05E-05 0.98| 3480.88642 -2 103 8 11 3 9
5.80£-05 5 8.776-03 0.80| 3482.4817 -20 1201213013
9.30E-05 4 1.06E-04 1 .03 3484.13180 6 9 361037
3.126-05 5 2.28E-05 0.98| 3485.15550 3 8 3 6 8 5 3
2.886-04 4 3.16E-04 1.07| 3485.74075 9 9 4610 47
5. B6E-03 3 -2.7  1.02| 3486.5230 -12 4 0 4 4 4 1
1.196-04 4 1.326-04 1 .00| 3488.3504 8 S 1 4 6 3 3
2.02E-04 5 2.516-04 1.02| 3490.55569 1 717 7 3 4
6.26E-05 7 0.1 1.07| 3491. 0098 -14 8 6 2 9 6 3
1.88 -04 2 0.1 1.07| 3491.10201 O 8 6 3 9 6 4
2.656-04 4 1.8 1.08| 3491.7372 0 13 0 13 13 2 12
8.60E-05 4 1.6  1.04| 3491.8002 =7 13 113 13 1172
5.026 -04 2 0.4 1.04| 3493.43806 4 735 75 2
1.326-04 2 1.476-04 1.00| 3493.6880 -19 1411314312
2.356-04 3 25 1.12| 3494.16159 23 8 2 7 8 4 4
3.25k -05 4 2.40f -05 0.92| 3494.260 9 1 2 13 14 2 12
6.83E-03 4 9.14E-03 0.98| 3498.60202 -2 6 3 4 6 5 1
3.86£-05 10 12.9 0.94]| 3499.74675 -2 8 53 9 5 4
6.51E-04 3 7.78E-04 1.01| 3501. 0é&252 7 8 54 9 55
5.23-05 4 -4.1  1.03| 3501.5679 15 8 4 4 9 4 5
4.24E-04 6 -5.4  1.02| 3501.82565 -3 9 2710 28
3.14E-04 3 3.56E-04 0.99| 3502.22836 -1 5 33 5 5 0
1.03t-04 3 1.19£-04 0.98| 3502.4092 44 10 1 9 11 1 10
1.44E~02 3 9.47€-03 1.04) 3502.424 54 102911210
2.53E-04 2 1.54E-04 0.96| 3502.87468 1 9 3710 38
1.026-03 3 1.2 1.08| 3504.1645 -97 11 1 11 12 1 12
1.05e-03 7 -0.4  1.05| *3505.5551 -1 771 8 7 2
9.47¢-04 2 1.07¢-03 1.02]| 3506.07942 2 5 3 2 5 5 1
6.95(-04 2 0.6 1.04( 3509.42112 -2 8 35 9 3 6
8.98E-05 2 7.6 0.99| 3510.65301 8 8 4 5 9 4 6
2.926-03 3 4.126-03 1.04| 3513.0708 -33 313 4 32
3.39E-04 4 -7.6  1.07| 3514.40081 0 12 0 12 12 2 11
1.48£-03 2 1.71F -03 1.01| 3514.53642 -4 12 1 12 12 1 11
2.286-04 4 -1.6 1.08| 3516.12058 -10 13 1 12 13 3 11
7.48t -04 2 7.6 1.20| 3517.3195 -5 13 2 12 13 2 11
4.06E-04 2 3.18-04 1.00| 3517.4269 -1 761 8 6 2
2.956-04 3 -8.4  1.00| 3517.4502 -13 76 2 8 6 3
1.51E-04 3 9.04E-05 0.93| 3517675 61 1421214411
8.80E-04 3 3.76E-03 1.00| 3518.99193 4 4 1 3 5 3 2
6.426-04 3 3.496-04 0.99| 3521.1157 14 72 6 7 4 3
2.156-03 4 2.68F -03 0.96| 3523.14073 -2 8 2 6 9 2 7
1.70F -04 3 B.85-05 1.02| 3523.9728 6 91810109
5.526-04 2 2.65£-04 1.08| 3524.10175 4 9 2810209
1.57e-02 4 -5.6 1.05| 3524.83572 -1 8 36 9 3 7
7.956-04 3 9. O1E-04 1.05| 3525.6388 -25 10 0 10 11 0 11
5.58f -04 3 2.78£-04 0.98] 3527.0081 -40 7 5 2 8 5 3
3.076-04 3 -5.3  1.05| 3527.49531 -7 75 3 85 4
9.026-04 3 -7,2  1.03| 3528.12027 4 4 0 4 5 2 3
3.70-03 2 5.16E-03 0.99| 3529.65 -88 9 0 9 8 4 4
3.B0E-04 4 3.35F -04 1.01 | 3531.37515 6 7 4 3 8 4 4
3.786-03 2 2.2 1.09° 3532.8361 -10 1431114510
1.256-03 2 -3.2  1.02| 3534.26927 13 6 1 6 6 3 3
3.56E-03 3 -5.5 1.02| 3536.26616 -2 7 4 4 8 4 5
7.556-03 2 -3.6 1.00| 3536.5256 11 7 34 8 35
3.50f -03 2 2.4 1.v| 3536.8746S 7 1101111210
1.70E -03 4 1.976-03 1.04) 3537.1655 21 1111111110

observed
strength

9.38t -04
2.758 -03
5.09e-04
1.60[-04
3.1 OE-03
9.00t -06
2.70E-05
3.40t -03
6.14E-04
2.37e-03
1.63E-03
5.716-03
6.90E-03
1.586-03
2.80F -03
1.28£-02
1.34E-02
3.95£-03
1.27-02
8.80t -03
5.396-04
1.496-02
2.676-04
1.20E-02
1.26£-03
7.03t -03
2.24E-03
4.35E-05
1.33E-04
3.28F -03
1.66F -05
5.42E-04

Xs

NWWNWNPOO WD WW®W

10
2
10

=
GNWONONNWAIAW

2
6
2

6.25E-06 10

1.676-03
1.81E-02
6.33[ -03
3.74E-02
1.34E-02
4.42E-03
2.93t -02
9.75f -03
3.38E-02
3.80E-02
3.90€-03
1.976-03
8.04E-02
1.34E-02
1.65E-02

4 .28E - 04
1.45E-04
2.40E-05
7.776-05
4.68E-03
1.40E-0
8.1 -d%
4.95E-02

2
10
2
2
5
3
4
4

4.706-03 1

1.10E-01
2.45E-02
7.10E-0?
2.97e-02
1.06t-01
1.41E-02
4.498-02
4.75E-02
7.70E-08
3.24E-02
3.568-06
1.55€-03
9.60¢-02
6.60E-02
4. 76E-04
1.50E-03

4

1

~NNOoONON

SI\)O«)U‘IUTI\)BU'I

(o-c)%"R
1.04E-0
3.1 1E-0
-3.9
1.23€-04
9.16£-03
1.20E-05
3.596-05
5.66£-03
4, 248-04
2.7x-03
5.56£-03
-1.9
8.196-03
3.19:-03
0.9
-1.9
8.6
-4.2
10.6
-0.6
3,226-04 1.00
1.81F-02 1.01
2. 01E-04 1.02
-4.2 1.08
1.071,-03 1.06
-7.5 1.03
-11.5 0.99
-5.5 1.08
-377 1.10
1.63E-03 0.97
2.09-05 0.90
4.21[-04 1.08
-10.4 1.00
6.4?7[*-04 1.01
2.13["-02 0.97
7.10[ -03 1.02
4.76[ -02 1.03
-0.1 1.06
.32[ -03 1.04
4.0 1.11
4,3 1.16
3.66[ -02 1.05
8.3 1.18
-6,1 1.01
4.48F -04 1.05
1.4 1.07
1.62[ -02 1.01
2.20[ -02 1.10
4.871-04 1.00
1.62F -04 1.01
2.
8.

oW

mPRPRRPOORRPFPoR
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CTONWNNOOUITW O W

o
©
©

1.05
1.09
1.04
1.17
1.05
1.21
1.03

[y

90F -05 0.93
73t -05 0.99
1.04
1.04

-5.1
-5.4
1.02¢ -05 0.89
5.516-02 1.03
3.42t -03 1.00
-3.0 1.03
-5.4 1.02
-7.9 0.99
3.238-02 1.13
8.8 1.18
-9.2  1.02
-3.5 1.08
-0.5 1.08
1.18£-06 0.07
3.75€-02 1.04
4.45E-06 0.98
1.27e-03 1.05
1.13£-01 1.01
1.07
1.03
1.08

-3.0
-8.9
-4.4



Table 8 continued

observed upper lower observed observed uppe r lower observed
position o-c J KgKe J KgKe strength ¥s  (o-c)%'R position o-¢ J KzKe¢ J Kgke strength Xs (o-)¥® R
3538.34971 6 1211112310 2.926-04 2 3.31t-04 0.98| 3619.61182 -7 4 2 2 5 2 3 ” 2.05-00 3 -1.2 1.06
3538.7164 10 13 ? 11 13 4 10 1.20E-05 3 1.50e-05 0.8f| 3621.18047 -5 4 3 2 5 3 3 3.0%3-01 3 3.726-011.07
3538.78321 2 6 2 5 6 4 2 4.76E-03 2 2.12e-03 1.0?| 3623.16565 -3 7 0 7 7 2 6 2.05e-02 3 -8.8  1.03
3540.7083 -?4 12 2 11 12 2 10 9.46E-05 2 1.11E-04 0.95| 3628.3463 -19 4 1 3 5 1 4 2.75k-00 2 -1.1 1.07
3543.01971 3 31 2 4 3 1 1.42 £-025 1.70£-02 0.9S| 3628.69824 -2 717 7 1 6 6.33&-02 3 -8.7  1.04
*3543.659 44 6 6 0 7 6 1 2.30E-02 5 2.59£-02 0.95| 3629.4465 -24 5 05 6 0 6 8.69%-01 4 -1.5  1.07
3545.03745 -15 7 2 5 8 2 6 9.40e-02 5 -2.4 1.03| 3629.6434 -17 515 6 1 6 2.53[ -00 2 -3.6  1.06
3545.22318 -1 8 1.7 9 1 8 1.77e-01 6 -9.1 0.98] 3632.2758 -66 7 1 6 7 3 5 1.68[-02 2 -1.8 1.09
3545.55151 1 8 2 7 9 2 8 6.21E-02 4 -2.6 1.06| 3633.84343 -3 4 ? 3 5 2 4 7.11[ -01 2 -4.1 1.05
*3546.897 - 164 9 1 9 10 110 2.70E-01 10 0.9 1.15|“3635 .97s7 0 1111111110 9.17e-06 ? 6.9 0.88
3547.75753 -3 7 3 5 8 3 6 1.8E&-01 5 2.27¢ -01 1.13| 3636.2100 16 12 4 9 124 8 4.11 E-05 3 4.72E -051.03
3547.30041 1 9 3 6 9 5 5 2.20E-04 4 3.11E-04 0.95| 3636.5239 -7 10 110 9 3 7 B.20E-06 10 1.35(-05 0.77
3548.35729 4 2 1 2 3 3 1 4.82-03 ? 5.90£-03 1.07| 3637.8057 7 10 3 8 10 3 7 8.64[-04 3 -8.6  1.09
3553.7381 33 6 5 1 7 5 2 8.00E-02 5 -1.4 1.09] 3641.64288 5 31 2 33 1 9.23E-03 2 1.031.-02 1.04
3553.87967 -1 6 5 2 7 5 3 2.518-02 2 -7.2 1.02| 3641.77836 4 6 1 5 6 3 4 7.83%-02 7 -6.0  1.05
3554.8867 37 12 3 9 12 5 8 5.60E-05 5 6.94E-05 0.91| 3642.56579 -6 6 0 6 6 2 5 1.298-01 2 -2.1 1.09
3554.91372 -2 103 7 10 5 6 3.92E-04 2 4.85E-04 0.98] 3643.02526 2 8 2 7 8 2 6 8.84-03 3 9.99] -03 1.04
3556.8538 44 8 0 8 7 4 3 8.326-06 10 1.41E-05 0.66| 3643.32933 12 101 2 2 0 2.71e-02 3 -6.6 1.04
3557.85217 41 1Y 38 1 5 7 6.03t-05 5 6.83£-05 1.02]| 3645.28710 -2 4 1 3 432 6.65E-02 2 7.31t -02 1.03
3558.3811 -7 122101249 1.,57e-04 3 1.79£-04 0.97| 3645.6086 -2 8 4 4 7 6 1 3.22e-05 2 -5,9 0.98
3559.1151 9 100101029 4.326-03 4 4.62t-03 1.06| 3645.93118 9 51 4 5 3 3 3.00e-02 3 -7,0 1.04
3559.73710 -1 101101019 1.37e-03 2 1.54E-03 1.00| 3646.46362 -2 3 3 0 4 3 1 3.42e-01 3 -3.6  1.05
3560.13247 -12 6 4 2 7 4 3 2. 01E-01 2 2.21€-01 1.05| 3647.13830 1 3 21 4 2 2 B.T4E-01 3 -1.7 1.06
3561.91794 0 4 23 4 4 0 6.84E-04 2 1.70£-03 1.07| 3647.55293 -8 331 4 3 2 1.07t-00 5 0.6 1.09
356?.32008 8 64 3 74 4 7.02E-02 3 -4.6  1.10| 3649.28298 -1 4 04 5 0 5 3.9%&-00 2 1.2 1.10
3563.96676 2 2 11 3 3 0 2.41E-02 2 2.79£-02 1.04| 3650.63601 2 4 1 4 5 1 5 1.27e-00 3 -0.3  1.10
3565.67221 4 6 3 3 7 3 4 3.20e-01 4 4.44E-01 1.05]| 3651.36505 - 11 31 2 4 1 3 1.33%-00 2 1.7 1.09
3566.08033 -4 71 6 81 7 1.43E-01 4 -3.0 1.04] 3652.91230 1 6 1 6 6 1 5 4.7?[-02 5 -0.2  1.15
3566.7524 -9 7 2 6 8 2 7 4.04E-01 4 -5.3 1.06| ‘3653.8480 O 10 10 0 10 10 1  1,15E-04 2 7.7 0.93
3567.92? -11 8 0 8 909 4.27E-01 4 1.8 1.10| 3655.3325 -13 9 1 9 8 3 6 1.13e-04 2 1.41E-04 0.88
3567.935 -61 8 1 8 9 1 9 1.43E-01 4 2.3 1.11] 3655.4660 69 9 4 6 8 6 3 2.50e-05 6 -6.4  1.05
3568.0838 -2 5 1 5 5 3 2 1.44£-02 6 9.68:-03 1.04| 3656.30351 1 3 2 2 4 2 3 2.69-00 3 -1.4  1.08
3568.28936 -10 6 2 4 7 2 5 6.67-01 3 2.2 1.08] 3659.93455 0 5 05 5 2 4 7.00e-02 3 -6.7  1.04
3570.54048 3 6 3 4 7 3 5 1.06e-01 2 1.548-011.0413661.8892 29 12 93 12 9 4  1.51E-05 4 -7.4 0.84
3575.04985 8 3 03 4 22 3.45E-02 3 -2.0 1.08] 3662.78511 -6 13 5 9 13 5 8 2.07te-05 2 2.48E-05 0.96
3575.7[560 -13 11 29 11 4 8 2.00E-04 3 -4.6 1.05] 3664.3916? -3 11 4 8 11 4 7 5.55e-04 2 6.69 £-041.01%
3578.01480 2 4 2 2 4 4& 1 4.31E-03 2 6.1 OE-03 1.05| 3664.5988 29 10 4 6 11 2 9 4.00e-06 10 2.80E-06 1.88
3580.0648 -23 5 5 0 6 5 1 3.20e-02 2 0.5 1.08] 3664.674?7 1 7 3 5 6 5 2 2.84e-04 3 2.47€-04 1.05
3580.0944 -11 5 5 1 6 5 2 9.42-02 3 -1.4 1.06] ‘3665.0972 55 11 93 11 9 2 7.93t-05 2 8.2 0.98
3581.04100 -2 9 0 9 9 2 8 3.80E-03 2 4.13t-03 1.04| 3665.95254 6 6 3 3 5 5 0 3.95e-04 2 1.66E-04 0.66
3581.12846 10 10 1 9 103 8 3.33t-03 3 -7.3 1.03] 3666.08389 2 9 3 7 9 3 6 8.15E-03 2 9.95£-03 1.03
3582.3690 0 91 9 91 8 1.15£-02 10 -7.7 1.04]°3668.0688 o 10 9 1 10 9 2 3.08E-04 2 4.0 0.95
3585.85649 1 5 23 54 2 3.20E-03 2 3.986-03 1.07| 3668.7/652 -6 303 4 0 4 1.68-00 2 -0.6  1.08
3586.54285 - 11 6 1 5 7 1 6 9.00e-01 3 -1.0 1.06| 3669.94288 -1 7 2 6 7 2 5 6.33-02 ? 7.81£-02 1.03
3586.60354 -4 5 3 2 633 1.186-01 3 2.63t-011.01| 3670.74961 -4 31 3 4 1 4 4,B4E-O0 2 0.5 1.09
3586.95527 3 6 2 5 7 2 6 2.186-01 4 2.82E-011.07] 3671.4515 10 8 1 8 7 3 5 1.24E-04 2 -10.2 0.97
3587.71888 -4 5 41 6 4 2 1.1 0OE-01 8 -4.3 1.07| 367?.0953 9 13 8 13 8 5 540[ -06 10 -10.5 0.85
3588.54721 3 54 2 64 3 3.23t-01 4 -6.3 1.04] 3673.4819 -23 1 047 9 6 4 3.306-06 3 5.08£-06 0.80
3588.71011 -7 7 0 7 8 0 8 2.83-01 3 -1.6 1.07| 3674. 26857 -4 4 0 4 4 2 3 3.00[ -013 -3.6  1.07
3588.74955 -8 7T 177 8 % 8 B.47E-01 3 -1.7 1.07| 3674.9578 -7 2 2 0 3 2 1 230 -002 1) 107
3589.59105 6 10 2 9 10 28 1.126-03 2 1.24E-03 1.02| 3676.01950 -3 2 11 3 1 2 4.49E-00 2 0.1 1.08
3589.7238 -2 10 2 8 104 7 1.72e-03 4 1.908-03 1.01| 3677.43838 -4 5 1 5 5 1 & 2.37c-01 2 2.74£-011.09
3593.1973 -19 5 23 6 24 4.11E-01 3 -3.1 1.04| 3678.6268 3 11 8 11 8 3 1.34F -04 2 -1.¥ 0.93
3593.4188 -16 4 1 4 4 3 1 1.806-03 4 5.05£-03 1.05| 3678.6367 -24 11 B 3 11 8 4 4,4BE-05 2 1.4 0.94
3503.97453 5 6 24 64 3 1.23E-02 3 1.46£-02 1.03| 3679.43622 -9 2 21 3 2 2 7.81E-01 2 0.5 1.09
3595.32593 -7 5 3 3 6 3 4 5.506-01 2 8. 01E-011.03| 3681.42043 6 8 3 6 7 5 3 6.8B8E-05 2 -4.8  0.98
3598.90941 11 92 7 94 6 1.43t-03 2 -9.1 1.02| 3681.5483 -14 10 8 2 10 8 3  7.37e-04 2 0.5 0.95
3600.20538 2 7 2 5 7 4 4 3.96E-03 2 4.40£-03 1.04| 3683.93374 12 71 7 634 1.03e-03 2 -2.7? 1.02
3600.7596 0 9 1 8 937  3.13t-03 4 -6.9 1.03] 3683.99024 38 12 5 8 12 5 7 3,93k -05 4 4.63t£-050.97
3602.35380 6 8 2 6 8 4 5 B.25E-03 2 -9.6  1.03| 3684.2431 13 9 8 2 9 8 1 2.75€-03 2 2.7 0.98
3602.49027 -2 8 0 8 8 2 7 2.77£-02 4 -9,4 1.03 | 3684.52780 -10 3 0 3 3 2 2 9,90k-02 2 -1.6 1.09
3605.2554 9 8 1.8 8 1 7 9.506-03 10 -6.9 1.05] 3686.44890 -7 6 2 5 5 4 2 5.,066-04 2 4.14E-04 1.05
3606.9933 -17 5 1 46 1 5 5.608-01 3 -0.5 1.07 | 3688.45126 -8 2 0 2 3 0 3 5.65F-002 -0.8  1.07
3609.23363 -4 6 0 6 7 0 7 1.59e-00 2 -0.5 1.08| 3689.07537 -lo 12 7 5 12 76 6.11E-05 3 -5.¢  0.93
3609.33879 -11 6 1 6 7 1 7 5.21&-01 2 -1.8  1.07) 3690.31136 -1 2 0 2 2 2 1 1,50e-01 3 -1.6 1.08
3610.16944 -1 31 3 330 8.90E-03 4 1.18£-02 1.04 | 3690.90936 -4 8 3 6 8 3 5 8.788 -03 4 1.13e-02 1.08
3612.56227 -8 5 2 4 6 2 5 1.336-00 2 1.48£-00 1.07| 3691.29811 -5 212 3 13 1.68t-00 2 0.3 1.08
3613.0566 -4 2 0 2 3 2 1 1.41-01 3 -2.1 1.08| 3691.84993 2 6 1 6 5 3 3 6.85-04 ¢ 0.0 1.00
3614.50965 -6 4 4 0 5 4 1 3.66E-01 4 0.4 1.09| 3692.04209 -2 4 1 4 3 3 1 3.87€-04 3 6.67e-04 1.02
3614.70244 2 4 4 5 4 2 1.17e-01 3 -3.7 1.04| 3693.78999 1 6 2 5 6 2 4 3.40F-02 10 6.60£-02 1.01
3615.81432 8 9 2 8 9 2 7 1.01E-02 3 -8.9 1.05] 3693.8365 23 9 3 7 8 5 4 1.17¢-04 10 -7.9 1.01
3617.65130 -3 4 3 1 5 3 2 8.46E-01 4 1. 1ME-001.07| 3694.29272 14 10 7 4 10 7 3 4.83[-04 2 3.96t -04 1.20
3618. 1868 - 2 8 1 7 836 2.33t-02 3 -6.2 1.04)] 3694.3531 -16 10 73 10 7 4 1,35 -03 7 1.19£-03 1.1?




Table 8 continued

obse r ved upper lowe r observed observed upper Llower observed
position 0-C J KgKe J KgKe strength Xs (o-c)X* R position o-c J Kg Kc J KyzKe strength Xs (o-[)% R
3694.3787 -35 5 1 5 4 3 2 3.35E-03 10 2.78t-03 1.06| 3744.50953 6 3 2 2 3 2 1 2.84t-00 5 5.6 1.11
3695.02731 8 9 2 8 8 4 5 2,08E-04 2 2.36E-04 0.94| 3744.6511 -23 3 3 1 3 3 0 4.46E-00 4 1.9 1.08
3695.62787 -4 7 2 6 6 4 3 1.09:-03 2 4.6 1.03| 3745.08665 -14 3 3 0 3 3 1 1.48£-00 4 1.5 1.07
3696.272? -2 12 6 7 12 66 3.11€-05 10 3.71E-05 0.88| 3746.1322? 3 9 45 9 4 6 2.,036-03 3 3.80e-03 1.02
3696.8872 29 9 7 3 9 7 2 4,58:-03 4 6.0 1.04| 3748.96668 7 6 0 6 5 2 3 8.39-03 4 1.1 1.06
3696.8993 19 9 7 2 9 7 3 1.53k-03 4 6.3 1.04| 3749.32918 -1 111 1 1 0 4.30E-00 2 -0.4 1.07
3698.1929 -10 8 2 7 7 4 4 1,74E-04 5 1.94E-04 0.94| 3749.57387 2 2 21 2 7?2 0 1.9%&-00 2 0.3 1.07
*3699.2685 -24 8 7 1 8 7 2 2.11€-02 3 1.88£-02 1.10]| 3750.35256 -1 2 2 0 3 0 3 1.60e-02 5 -5.8 1.05
3699.4937 -44 11 5 7 W 56 6.098-04 2 6.958-04 0.99| 37>2. ?1253 -7 2 2 0 2 2 1 5.8%-00 2 0.7 1.08
3700.9759 -39 1 0 3 8 9 5 5 1.55E-05 5 1.81F -05 0.97| 3754.66548 4 3 0 3 2 2 0 1.36e-02 2 3.1 1.09
*3701.4309 -17 7 71 7 7 0 5.9k-02 10 6.9 1.04| 37>4.80912 0 3 3 0 4 1 3 7.71%t -04 2 8.64["-04 1.07
3701.76440 -4 4 1 4 4 1 3 1.956-01 3 1.726-01 1.07| 3756.61637 -5 3 21 3 2 2 9.23&-01 2 4.2 1.09
3701.80563 -6 1 10 21 1 1.15E-00 2 -3.6 1.05] 3759.05008 -3 6 3 3 6 3 4 2.676-01 3 3.15[ -01 1.06
3703.8147? 2 6 3 3 7 1 6 1.39e-03 3 9.336-04 1.18| 3759.84453 3 110 111 1.40E-00 3 -2.8 1.04
3705.1089 -15 11 6 5 11 66 1.63e-04 10 -5.2 0.99| 3760.36371 -3 5 0 5 4 2 2 7.74E-03 5 -2.4 1.02
3705.35657 6 10 6 5 10 64 7.11E-04 2 -1.0 1.02| 3762.47461 3 4 0 4 3 2 1 4.66E-02 2 0.5 1.05
3705.68071 2 80 8 72 5 6.42E-04 3 -6.9 1.01] 3764.4558 5 6 2 4 7 0 7 2.88t-05 4 4.13F -05 1.56
3706.55178 2 10 64 10 6 5 1.98:-03 3 -7.8 0.95| 3765.76026 -1 4 2 2 4 2 3 1.188-00 2 2.2 1.05
3706.84138 -1 9 4 6 9 4 5 9.506-03 6 1.21E-02 0.97| 3766.05675 0 5 1 4 4 3 1 7.058-032 -2.8 1.03
3707.83663 -8 5 2 3 4 4 0 3.59-04 2 4.06E-04 1.02| 3766.36970 -1 9 3 6 8 5 3 9.75E-05 2 -5.6 0.96
3708.25824 -3 9 6 4 9 6 3 7.7ME-03 2 -2.9 0.99| 3769.88901 4 211 2 1 2 1.90-00 2 -0.4  1.06
3708.59779 -2 9 6 3 9 6 4 2.60E-03 3 -1.6 1.01| 37X1.15237 -9 8 4 5 9 2 8 2.26E-05 2 8.19E-06 0.93
3708.95995 3 64 2 72 5 9.00E-05 10 2.45E-04 1.08| 3771.2164 -26 6 5 1 7 3 4 3.60E-06 10 9.34E-08 0.74
3709.40224 -7 101 2 0 2 1.76[-00 3 1.1 1.09| 3773.44271 -2 9 46 1 0 2 9 5.35%-06 3 2.54£-050.96
3709.77840 -7 10 5 6 105 5 9.116-04 4 1.02E-03 1.00]| 377.3.92682 -2 104 6 10 4 7 2.76£-03 5 0.8 1.04
3710.7057 12 8 6 3 8 6 2 8.37€-03 2 -3.8 0.98| 3776.54699 O 7 5 3 8 3 6 3.08-05 2 8.61E-06 0.92
3710.78162 9 8 6 2 8 6 3 2.75e-02 4 54 1.08| 37 78.34031-1 4 4 0 5 2 3 9.34e-05 2 1.42e-04 1.08
371 0.91681 -10 7 3 5 734 7.43E-02 2 1.096-01 1.06[ 3779.49311 0 101 0 0 O 1.11e-00 4 -1.7 1.06
3712.2045 -7 111 2 1 2 3.7M€-00 2 -1.3 1.07| 3779.76218 -5 5 2 3 5 2 4 1.7E-01 3 7.1 1.08
3712.867 -28 76 2 76 1 B8.32e-02 6 8.0 1.09]| 3780.455 -77 6 4 3 7 2 6 4.80E-06 3 2.90£-07 0.93
3712.880 96 7 6 1 7 6 2 2.78E-02 6 8.3 1.10| 3781.4621 -50 8 6 3 9 4 6 7.20e-06 10 3.14£-06 1.05
3713.8815 -78 14 6 8 14 69  1.65E-06 5 3.19t-06 0.58| 3784.58370 -4 31 2 3 1 3 3.33%-01 3 2.6 1.08
*3714.7948 -34 6 6 0 6 6 1 2.81€-01 5 2.1 1.03| 3787.42186 -1 7 1 6 633 3.78£-03 10 0.5 1.04
3716.16017 -7 9%5 5 9 5 4 1,09e-02 2 -7.3 1.02| 3787.9488 21 123913112 4.1 0E-06 8 3.45E-06 0.89
3718.96313 2 5 2 4 5 2 3 5.18e-01 2 5.0 1.03| 3788.64855 -10 114812211 1.356-05 4 8.78E-06 0.95
3719.7621 -22 8 4 5 8 4 4 1.328-02 7 -10.1 1.08| 3788.80963 2 11 4 7 11 4 8 2.31E-04 2 2.01E-04 1.00
3720.13167 -9 8 5 4 8 5 3 1.23e-02 3 -7.3 1.00( 3789.5001 0 12 4 8 11 6 5 4.96E-06 5 5.55E-06 0.86
3720.7017 -20 11 6 6 12 & 9 3,20E-06 10 2.491-06 0.69| 3793.82515 1 8 2 6 7 4 3 3.12[-03 2 -3.2 1.01
3721.8775 -12 8 5 3 854  3,72e-02 2 -5.6 1.01| 3796.43955 3 212 111 1.37[-00 2 -0.6  1.08
3722.222?1 -3 313 3 1 2 1.01E-002 3.9 1.08| 3797.78793 0 6 2 4 6 2 5 2.01-013 4.%  1.05
3722.82650 -15 75 3 75 2 1.16E-01 8 -2.1  1.03| 3798.5235 29 4 3 2 5 1 5 2.B4E-05 3 8.568-05 1.07
3723.27342 2 7 5 2 7 5 3 3.78t-02 3 -4.2 1.01| 3801.41875 11 2 0 2 1 01 5.75¢-00 2 0.5 1.08
3773.37897 4 105 5 10 5 6 2.576-03 2 2.96E-03 0.99| 3802.35062 26 11 2 9 10 4 6 3.08t-05 5 3.65¢-05 0.89
3723.8792 -70 10 4 6 96 3 1.13:-05 2 2.09[-05 0.70| 3802.96564 O 4 1 3 4 1 4 5.200-01 2 1.2 1.06
3724.89368 -1 6 5 2 6 5 1 1. 01E-01 3 -4.9 0.99( 3804.8939 1 82 6 9 09 4.83t-05 2 3.17e-05 0.92
3724.97444 -7 6 51 6 5 2 3.,18-01 3 -0.2  1.04| 3805.23162 9 3 31 4 1 4 2.94-04 2 3.69E-04 1.12
3725.68587 1 6 3 4 6 3 3 6.71E-0221.08t -01 1.02| 3806.05000 3 9 3 6 9 3 7 3.31-03 2 6.6 1.00
3726.616 -97 55 1 5 5 0 7.70e-01 4 -0.5 1.02| 3806.3531 -19 76 2 84 5 1.79£-05 2 7.53£-06 0.99
3726.623 -167 55 0 5 5 1 2,57-01 4 -0.4 1.03| 3807.01355 -4 2 11 1 1 0 3.926-00 2 -0.2 1.07
3727.00609 16 4 3 1 5 1 & 2,438-03 3 4.64E -03 1.03| 3808.01870 1 92 7 84 4 5,24g-04 2 -3.3 1.00
3727.73751 -7 74 4 74 3 1.256-01 7 1.40E-01 1.03| 3808.59505 4 12 4 8 12 4 9 1.448-04 3 1.24F -04 0.98
3750.00041 -1 7 0 7 6 2 4 B8.191-04 2 -0.7 1.05] 3809.1108 -6 7 35 8 1 8 9.51E-05 3 2.54E-05 1.02
3732.13433 -2 0 00 1 0 1 3,25-00 3 0.5 1.08]| 3810.8246 5 1 0 2 8 9 4 5 4.86t-04 3 -4.9 0.99
3732.2834 -32 6 4 3 6 4 2 1.20E-0110 -8.3 1.03| 3815.64696 2 2 21 2 0 2 4.78E-02 2 7.7 1.16
3752.5048 -1 8 3 5 7 5 2 2.95E-04 4 3.63E-04 0.84] 3816.09162 -6 313 2 1 2 5.78-00 2 0.2 1.08
3754.27265 0 4 23 4 2 2 4.00e-01 2 1.7 1.04| 3818.34118 5 7 2 5 7 2 6 2.63[-02 2 4.6 1.04
37s,.64486 -8 6 4 2 6 4 3 3.56E-01 2 -9.0 1.03’| 3818.9312 -2 11 38 10 5 5 2.80£-05 8 -5.9  0.93
3734.93076 -2 5 4 2 5 4 1 9.60e-01 4 -0.8 1.07,| 3819.90390 -27 3 2 2 3 0 3 2.78[ -01 3 3.2 1.10
3755.4065 -23 74 3 74 4 4.10[-02 10 4.59E-02 1.05| 3820.75857 4 3 0 3 2 0 2 2.17e-00 2 0.2 1.07
3735.44471 1 S 4 1 5 4 2 3.18-01 2 -1.3  1.06|| 3821.76403 -17 32 2 2 2 1 2.65k-00 2 -1.0 1.09
3735.49264 1 5 3 3 5 3 2 6.10E-01 4 B.66E-01 1.10(| 38?3.27580 2 5 1 4 5 1 5 9.44[-02 2 3.6 1.07
3756.68263 -2 & 4 v 4 4 0 7.31e-01 2 0.8 1.05| 3825.2618 -12 9 2 7 10 010 1.64E-05 3 1.08[-05 1.01
3756.74320 -1 4 4 0 4 & vV 217 -00 2 -0.3 1.04| 38?76.75401 5 321 2 2 0 8.45E-01 2 -4.0 1.04
3738.40066 -5 212 21 1 6.6%-01 4 53 1. 1?‘ 3827.50433 2 10 3 7 10 3 8 2.90e-03 4 2.57£-03 1.04
3739.09454 -9 8 4 4 8 4 5 3.326-02 2 4.25E-02 1.04 ] 3827.99955 9 4 2 3 4 0 4 9,508 -02 2 -0.6  1.07
3740.35815 7 6 2 4 5 4 1 2,72e-03 3 -8.8 1.01] 3831.2640 16 12 3 9 11 5 6 2.748-05 4 -1.4  1.00
3740.7745 -15 4 2 2 5 0 5 4.50e-03 4 -2.5 1.09| 3831.68608 -21 312 211 1.71t -00 2 -0.5 1.06
3740.8652 10 321 4 0 4 4.758-03 2 -1.1 1.11] 3834.98299 -3 4 1 4 3 1 3 1.84E-00 3 -4.6  1.07
3741.30612 -6 4 32 43 1 5.64E-01 4 6.81E-01 1.09| 3837.86922 -6 4 0 4 3 0 3 6.132-00 2 1.4 1.08
3747.3854 -4 4 1 3 3 3 0 9.13¢-03 4 -2.0 1.06| 3839.46?03 -4 8 2 6 8 2 7 3.07e-02 3 7.2 1.06
3742.7860 29 5 4 1 6 2 4 5,26E-05 2 8.56E-05 1.23| 3839.92933 0 4 32 33 1 3.85E-01 3 4.24E-01 1.01
3743.94635 -21 4 3 1 4 3 2 1.52e-00 4 2.036-00 1.06| 3840.12611 24 5 2 4 5 0 5 1.86E-01 2 2.12E-01 1.03
3744,18430 -5 5 3 2 5 3 3 1,138 -01 2 2. 84£-01 1.01 || 3841.04480 -8 4 3 1 3 3 0 1.148-00 2 1.27e-00 1.05




observed

position 0-Cc
3843.50462 -8
3843.75074 -4
3844.8472 -3
3848.8375 -21

3849.05949 0
38479.6520 34
3849.86689 -2
3850.1992 49
3852.05752 -5
3853.96617 -7

3854.09054 -1
3854 .43822 -1
3856.70411 -1

3857.16419 -9
3857.42489 -4
3858.17675 5
3859.40888 5
3861.78775 -11
3862.49151 -12
3863.31982 -5
3864,30996 -5
3865.11147 -2
3866.10922 4
3866.75920 10
:5848.62621 1
:5869.19255 -5
:5870.12933 -4
3871.45334 1
3871.49690 -7
3872.75552 13
3874.40219 -4
3876.56499 8
3877.42595 6
3877.8592 30
3878. 8077 42
3879. 94944 -6
3880. 1401 -2
3880. 19146 4
3880. 35470 -2
3881. 02852 -2
3881,6554 -7
3881. 87529 2
3882.93702 2
3883. 26659 -4
3884. 0037 -16
3884. 011 53
3885. 2659 -18
3886. 07711 -24
3807.29052 1
3888. 02770 0
3891.29955 0
3892. 1447 4
3892. 82703 -2
3893.66732 -3
3894. 06345 6
3894. 2872 -21
*3895. 1447 O
3896.41966 -6
3896. 78093 6
3897.56755 -3
3898. 7616 21
3899. 21671 -3
3899. 44135 -4
3901. 6664 -17
3901. 84695 -3
3902. 24993 0
3904. 18862 -7
3904. 29472 -13
*3905. 0054 53
3905. 1263 9
3905. 37036 -9
3906. 0647 -32
3906. 1574 -31

upper tower
J Ky Ko J Ky KC
6 15 6 1 6
4 2 3 3 2 2
5 3 3 51 4
1038 11 11
7 3 5 7 1 6
4 3 2 4 1 3
6 2 5 6 0 6
14 4 10 1 4 11
515 &1 &
4 2 2 321
5 05 40 4
46 13 3 12
331 312
5 4 2 & 4 1
541 4 4 0
8 3 6 8 1 7
9 ?2 7 9 2 8
53 3 43 2
7 1 6 7 1 7
220 101
5 3 2 4 3 1
5 2 4 4 2 3
7 2 6 7 0 7
10471028
8 4 5 8 2 6
6 1 6 515
6 0 6 5 0 5
6 5 2 5 5 1
6 51 550
11481129
514 413
744 125
10281029
1231013113
12581239
643 542
817 818
523 422
625 5214
642 541

124912210
8 27 8 0 8
10381019
6 3453 3
762 661
761 660
11571138
707 606
643 6214
330313
615 5114
1341013211
321 202
112911210
753 652
752651
871 770
113911110
918 9109
928 909
5425 2 3
6 33 532
726 625
818 717
8 087 07
744 6 43
624 523
735 634
982 881
642 707
743 642
716 615
863 762

observed
strength Xs

1.426-01 3
1.03E -00 3
5.50E-02 3
1.14E-05 3
3.62E-02 3
1.536-02 6
3.456-02 4
5.00E-06 10
4.756-00 3
3.06[-00 2
1.656-00 3
4.80E-00 3
2.24E-02 3
4.60E-01 3
1.53£-01 3
6.60E-03 2
3.60E-03 3
1.16E-00 2
2.40E-02 2
1.136-01 2
2.81E-01 2
2.32E-00 3
6.30E-02 5
4.506-04 3
1.83E-03 2
1.16£-00 3
3.55-00 3
4,26E-02 2
1.256-01 3
4.88E-04 2
1.17-00 2
7.676-03 2
3.656-03 3
2.30£-06 10
1.34E-05 3
1.43-01 2
3.246-02 3
8.756-01 3
5.41E-01 2
4.426-01 3
4.846-05 2
9.83£-03 2
1.116-03 2
2.83-01 3
2.856-02 5
9.50E-03 5
1.056-04 4
7.30E-01 2
2.768£-03 2
2.506-03 3
2.20E-00 2
3.506-05 4
7.306-02 4
3.726-04 3
9.706-02 6
3.45(-02 3
5.63£-03 2
1.06£-03 3
4.076-03 4
1.24E-02 3
6.39E-03 2
6.856-01 2
1.14E-00 2
4.20E-01 3
1.26E-00 2
2.86E-01 2
1.626-00 4
5.24E-01 2
7.186-04 2
2.63F -05 4
9.30£-02 4
4.1 0E-01 5
6.90£-03 3

‘able 8 continued

(o-c)%'R
1.3 1.04
-5.8  1.0%
7.56E-02 1.05
7.49E-06 1.07
4.37e-02 1.07
1.85E-02 1.07
4.198-02 1.0
11.7 0.93
-1.0 1.07
-3,4 1.03
1.5 1.08
2.1 1.08
2.1 1.06
1.5 1.04
1.4 1.03
-9.4 1.04
5.7 1.04
1.39£-00 1.04
7.3 1.10
0.1 1.07
4.58E-01 .05
2.79-00 .05
-1.5 .04
-7.6 .01
2.1 0E-03 .00
1.0 .07
2.4 .09
4. .04
1.8 .02
-1.1 .01
1.4 1.06
8.73£-03 1.00
7.1 1.04
1.626-06 1.04
-8.2 0.9
-3.8 1.00
9.0 1.1
1.8 1.07
6.47€-01 1.04
-0.5 1.04
2.9 1.00
2.2 1.05
5.3 1.05
3.48E-01 1.04
9.8 1.10
2.9 1.09
1.21E-04 0,94
-0.0 1.06
3.07e-03 1.03
-2.8 1.07
0.7 1.05
-0.4  0.92
-2.9 1.03
7.2 1.03
-10.5 0.91
-4.4  0.97
0.8 0.97
5.8 1.03
3.0 1.04
5.7 1.07
7.226-03 1.00
1. 01E-00 1.05
-1.6 1.04
2.0 1.08
1.9 1.08
-3.8  1.02
-2.1 1.01
6.29[-01 1.00
0.2 0.93
1.15€-05 1.10
-5.1 1.02
0.1 1.04
2.3 1.0%

observed
position o-c

3906.1983 -18
3908.58147 -1
3909.03739 3
3909.91418 O
3910.5387 21
3912.70679 1
3913.02713 -10
©3913.8546 9
3914.4141 6
3916.32875 -4
3916.7847 2
3916.7926 82

3917.2086 -9
3917.28587 -6
3917.36263 -16
3920.0886 -15
3921.52710 6
3921 .7830 1
3922.5387 12
3923, 16440 5
3923,7937 -26
3924.3727 -9
3924.48877 7

3925.13435 6
3925.17576 -11
3925.8857 1

'3926.027  -26
3928.02987 1
3928.08758 -1

3928.20142 4
3929.36088 -6
3930.56606 3
3932.13541 -15
3932.5454 16
3932.58070 O
3934.10055 -2
“3934.2620 -34
3935.13027 2
3935.762 -307
3936.0358 -30

3938.07778 -19
3938.11055 -8
3938.2908 -9
3938.45846 7
3940.30553 -1
3940.58899 3

£3941.5300 -100
3941.6351 32
3942.65235 -12
3942.88695 -13
3943.0087 -18
3943.0715 24
3944.36797 -30
3946.6083 9
3946.613  -82
3947.1742 6
3947.4631 -21
3947.477 -135
3948.17703 -11
3048.4713 -1
3949.57283 0
3949.9837 0
3950.1417[ -4
3950.57352 -4
3951.97760 9
3953.09761 -6
3953.5424 -10
3954.158  -15
3955.24158 0
3956.88258 1
3957.5144 75
3957.5344 0
3959.02056 -4

upper
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observed
strength Xs

2.08E-02 2
3.04E-04 2
1.086-03 2
1. O1E-04 4
4.21[-04 2
§.346-03 2
1.486-03 2
7.44E-05 4
1.85£-06 10
2.1 OE-01 3
2.95£-03
9.83£-04
6.00E-02
6.50E-01
2.1BE-01
6.50f -01 3
5.84E-04 3
6.1 OE-06 2
2.656-05
8.00E-05
4.99E-02
9.80E-02
2.386-03
1.86£-01
2.99£-01
2.02E-04
4.60E-04
1.06€ -02
5. 12E- 04
3.58£-03
1.96£-01
1.38£-01
2.90E-01
9.80 £-02 5
2.806-01 6
9. 10E-02 5
3.506-05 5
1.33t-02 4
1.80E-05 10
6.226-06
4.776-04
1.33¢-03
2.98E-02
2.35[-03
7.12E 04
9.80[-03
3. 06E-06
1.75£-05
4.21E-01

1.336-01

4 .40E -04

1.40£-04
6.61€-02
1.376-04

4.58f -05 4
4.00E-02 10
1.32e-01

4.436-02

1.24E-01

3.27¢-06

1.46F-03

2.956-01

4.22E-03

2.41[-02
2.19£-04

7.50E -02
3.33f -04
1.33[-05 10
1.59£-02 2
5.80F -02 4
4.48E-05 2
1.346-04 2
4.936-04 2
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(0-c)%'R
2.8 1.01
5.4 1.00

-8.6 1.03
7.0 1.02

4.75£-04 1.00
6.7 1.00
2.8 1.06
2.1 0.91

1.55E-06 1.03
3.6 1.07
0.3 0.97
0.3 0.96

-7.2 0.95
3.7 1.09
4.3 1.10
3.9 1.07

1.62[ -03 1.01
3.3 0.88
8.3 1.01
10. 0 1.02
-5.4  1.02
-9.2 1.01

2.69t -03 1.01

5.6 1.04
1.6 1.04
2.33E-04 1.00
2.8 0.95
-1.4 0.98
6.1 1.04
-2.3  0.99
-0.9 1.04

1.54£-01 1.03
2.1 1.04
2.5 1.08
-2.4  1.03
-5.2 0.97

4.04E-05 0.7/
0.1 1.05
5.5 0.96
9.9 1.00
2.9 1.00
-4.4  0.92
-2.6 1.00

2.92E-03 0.99

8.50E-04 0.98
-3.2  1.00
5.3 0.90

B.97¢ <06 1.20
3.9 1.05

-7.5 0.97
-0.1 0.97
-4.% 0.93
-7.4 1.01
2.6 0.90
-2.5 0.91
0.7 1.06

1.19£-01 1.17

3.95E-02 1.18
3.3 1.05
-9.4 0.81
-3.6 0.96
3.6 1.06
-7.0 0.93
-0.8 1.03

2.73E-04 0.96

9.02-02 1.02

4.44E-04 1.01

-11.6 0.79

2.25E-02 1.01
56 1.05
9.2 1.06
9.0 1.06
-5.9 0.91



Table 8 conti nued

observed uppe ¢ lower observed observed upper Lower observed
position o-c  J Ky Kc JKg Kc strength Xs  (o0-c)%'R position o-c J KgKe JKgKc strength Xs (o0-c)%'R
3959.14182 2 1174 107 3 1.626-04 2 -7.2 0.9(] 4010.83459 -7 13 68 12 6 7 1.18t-04 2 1.316-04 0.91
3959.50315 3 1056 9 5 5 3.81-03 2 -6.6 0.97| 4012.69465 -1 4 4 0 3 2 1 1.47¢ -02 5 1.4 1.02
3959.72385 -1 1038 9 3 7 1.86-02 3 -0.5 1.01| 4014. 07811 o 134101249 7.42e-04 2 -0.2  0.96
3959.88126 3 551 5 3 2 3.88-04 2 4.97¢-04 0.95| 4014.45252 -6 12 5 7 11 5 6 9.12e-04 2 1.17t -03 0.94
*3960.701 99 13 10 4 12 10 3  9.60E-07 10 0.5 0.85| 4014.6134 -18 1521414213 2.526 -04 2 3.48[ -04 1.06
3960.77651 2 6 3 3 6 1 6 1.26E-03 2 1.456-031.1C| 4015.38622 -2 11 4 7 10 4 6 2.62t-03 2 1.4 1.00
3961.71241 -13 11 2 10 102 9 4.98:-02 3 9.4 1.12| 4015.54974 -12 1511414113 1.19€-04 2 2.6 1.02
*3962.040 -199 12 0 12 11 0 11  6.60E-02 4 5.92e-02 1.1€| 4015.85533 0 1431213311 1.57e-04 2 2.5 0.98
3962.18706 -2 11 110 1019 1.65k-02 4 8.5 1.11] 4016.81427 -1 14 2 12 13 2 11  4.638-04 2 0.1 0.9
3963.84268 -4 1047 9 4 6 8.51E-03 2 -7.4 0.95| 4017.03585 7 12 3 9 11 3 8 3.39[-03 3 1.7 0.9
3964.3656 32 1065 1046 5.83E-06 4 7.46E-06 0.93| 4018.2400 6 13 6 7 12 6 6 3.82E-05 2 4,27 -05 0.91
3964.59460 O 6 51 6 3 4 5.1 0E-04 2 6.70E-04 0.94| 4018.51545 -4 & 4 1 3 2 2 4L.ULLE-03 4 -1.8 0.99
3964.72956 -6 5 5 0 5 3 3 1.21-04 4 1.54£-04 0.97| 4019.46646 8 53 3 41 4 3.006-02 4 3.36E-02 1.09
3964.80043 -2 1055 9 5 4 1.11E-022 -8.1  0.97| 4019.9?42 5 5 4 2 5 05 3.41E-05 4 6.02e-05 0.87
3966.2257 -12 7 5 2 7 35 1.37-04 2 1.82t-04 0.94| 40?1.6387 5 14 7 7 13 76 B.60E-06 10 1.07e-05 0.80
3966.7496 -18 1285 1184 1.54-05 2 -2.2 0.91| 4024.4186 O 15 88 14 8 7 6. 1%&-0710 -10.7 0.82
3966.7758 -22 1284 1183 4.628-05 2 -2.2 0.91]| 4025.3513 -15 6 24 5 05 4.60e-02 5 0.3 1.02
3969.1385 6 1028 9 2 7 6.48:-02 6 6.5 1.05| 4026.7762 4 133101239 2.876-04 3 3.4 0.9
3970.68035 6 1166 1065 1.54-03 2 -4.5 0.96| 4027.9372 16 Y4 4 11 13 4 10 6.05e-05 3 1.3 0.9
3970.92830 7 8 5 3 8 3 6 2.156-04 2 2.94£-04 0.92| 4027.9877 O 15 2 13 14 2 12 3.21E-05 3 3.62E-05 1.05
3971.6275 11 14 2 13 14 0 14 1.07¢-05 2 4.0 0.98] 4028.1788 O 1611515114 7.90e-05 6 -2.9 0.9
3971.6563 4 14 1 13 14 1 14  3.15e-05 3 2.1 0.97| 4028.25661 0 15 3 13 14 3 12 1.14E-04 2 5.3 0.99
3972.1234 -24 9 3 6 8 3 5 3.70e-02 8 -3.8 0.95( 4029.4284 9 1% 6 9 13 6 8 1.058-05 10 3.7 1.03
3972.24483 -17 1165 1064 4.96[-04 3 -8.1  0.93] '4029.5240 0O 17 117 16 1 16 1.07e-04 2 3.2 1.06
3972.65547 -2 5 3 2 4 1 3 2.408-02 2 3.97e-02 0.9S| 4029.77970 6 541 4 2 2 8.38-03 3 -0.5 0.98
3973.91817 -6 52 3 40 4 3.52-02 4 -0.6  1.03| 4033.2590 -11 145101359 2.376-05 2 -5.7 0.91
3975.13933 1 1139 1038 2.12e-02 2 7.8 1.07| 4034.53824 -8 124 8 1 4 7 2.22e-03 2 2.7 0.95
3975.7795 -19 12 2 11 11 2 10 5.40e-03 4 4.8 1.05| 4035.35121 8 135 8 12 5 7 5.15[. -05 3 9.80£-05 0.91
3976.00866 -4 12 1 11 11 1 10 1.66E-02 2 7.2 1.08| 4036.35793 0 1431113310 1.81["-04 2 -6.1  0.90
3976.2031 14 8 4 4 8 2 7 2.06E-04 2 3.66£-04 0.95| 4038.3814 0O 15 7 9 14 7 8 1.7/6-06 4 2.238-06 0.82
*3976.2639 74 13 1 13 12 1 12 2.40£-02 4 2. 01e-02 1.24| 4040.368 0 17 2 16 16 2 15 1.75-05 2 0.9 0.98
3979.4062 26 9 6 4 9 4 5 2.63t-05 4 3.76t-05 0.90| 4040.375 0 17 1 16 16 1 15 5.83t -06 2 0.9 0.97
3979.5942 -7 12 7 6 1175 5.03E-052 -10.0 0.85| 4040.6646 -2 1541214411 3.95E-05 3 1.1 0.92
3979.77063 0 1157 1056 3.94-03 4 -5.6  0.98]| ‘4041 .9231 0 1801817017 2.24t -05 3 1.6 1.04
3979.96762 22 1275 W1 7 4 1.63E-04 4 -1.6 0.96( 4042.3 (39016 14 68 13 6 7 2.46F -05 2 2.94E-05 0.87
3980.2692 -2 9 54 9 3 7 2.52E-05 2 3.64E-05 0.92| 4043.77745 1 7 3 4 6 1 5 1.49E-02 6 1.72E-02 1.01
3980.83483 -5 1129 1028 7.11E-03 4 3.7 1.02| 4044.85916 1 6 4 2 5 2 3 3.03 -02 2 1.4 0.99
3982.0636 -12 1148 1047 8.8¢-03 2 -4.4 0.98| 4044.90985 8 5 4 2 4 2 3 2.00E-02 2 -3.6 0.9
3982.87038 14 4 3 2 31 3 1,05-02 4 1.22t-02 1.01| 4045.2764 0 1531214311 1.34f-055 -1.0 o0.91
3984.2262 21 15 2 14 15 0 15 5.40E-06 4 7. 19E-06 1.01 | 4048.17{6 -5 8 3 5 8 1 8 2.55£-05 3 -2.8 0.99
3985.1324 75 15 1 14 15 1 15 2.74E-06 10 2.37¢-06 1.08| 4048.33872 0 15 5 11 14 5 10 1.46£-05 2 -6.7 0.86
3986.4447 -1 1386 1285 1.21€-05 2 -9.9 0.85| 4050.3682 11 13 4 9 12 4 8 1.78[-04 3 4.9 0.9
3986.5267 0O 1385 1284 4.20E-06 5 -5.7 0.88| 4051.5660 O 17 3 15 16 3 14 4.80E-06 10 5.4 0.97
3989.56902 7 13112 12 111 1.626-03 2 1.4 1.01| 4051.7434 0 17 2 15 16 2 14 1.55£-06 10 2.1 0.94
3989.82645 -6 1156 1055 1,15e-03 2 1.34E-03 0.93| 4052.522 0 16 4 13 15 4 12 2.70E-06 7 4.7 0.94
3990.2724 -1 14 0 14 13 0 13  4,70e-03 10 0.9 1.07| “4053.9412 0 19 119 18 1 18 4.40E-06 4 2.8 1.05
3990.572? 21 8 6 3 8 4 4 1.20E-05 10 1.79e-05 0.92| 4055.1422 0 16 3 13 15 3 12 8.20E -06 8 3.6 0.92
3990.71351 0 1037 9 3 6 4.00e-02 3 -0.2 0.97] 4060.37727 3 7 4 3 6 2 4 9.29-03 4 2.3 0.98
3991.17670 -? 1267 1166 1.49E-04 2 1.64E-04 0.91| 4060.6094 8 6 3 4 5 1 5 6.95£-03 10 7.66E-03 1.05
3992.66825 3 12210 1129 6.70e-03 3 5.3 1.02| 4062.4290 -11 144101349 1. M1E-04 2 4.8 0.92
3994.84305 -6 12 6 6 1165 4.30e-04 3 4.87e-04 0.89( 4063.765 0 17 414 16 4 13  1.33E-06 10 -4.8 0.84
3995.0273 -27 1046 9 4 5 1.82-02 4 2.526-02 0.98| 4071.3550 O 1541114410 7.60E-06 10 6.62E-06 0.99
3995.96945 -5 1055 1038 1,55e-05 3 2.626-05 0.89]| 4072.75  -120 744 7 0 7 9.006-08 UL. 6.76E-06 0.06
3997.82504 35 7 6 2 7 4 3 3,22e-05 2 6.05E-05 0.78| 4075.85523 -2 6 4 3 5 2 4 6,70e-03 5 1.2 0.98
3998.83305 5 1249 1148 9.126-04 2 -1.5 0.97| 4076.2589 -28 14 5 9 13 5 8 5.64F -05 2 6.41E-05 0.90
3998.89018 -15 1258 1157 3.676-04 2 4.13t-04 0.91 )| 4078.5091 O 1641215411 3.276-06 5 -4.3 0.81
3998.9587 30 9 6 3 9 4 6 3.60E-06 10 7.96£-06 0.64 | 4079.39345 9 8 44 7 25 1.91E-02 2 2.6 0.97
3999.6846? 13 8 6 2 8 4 5 2.40e-05 3 4.33E-05 0.81| 4081.25281 1 7 2 5 6 0 6 6.18:-03 4 0.4 0.99
3999.74858 7 1377 1276 3.95%-05 3 4&.51E-05 0.87| 4084.85534 6 5 5 0 4 3 1 1.60e-03 2 -3.2 0.91
4000.2042 15 7 3 4 7 17 8.90E-05 2 3.2 1.02]| 4085.6-345 0 9 91 9 7 2 8.47-07 10 5.7/6-07 1.06
4000.7509 10 1376 1275 1.30-05 10 1.506-05 0.86| 4086.17644 -2 55 1 4 3 2 4.69t-03 3 -4.5 0.91
4002.0724 -1 6 6 1 6 4 2 6.8%E-06 3 1.43-05 0.75| 4086.5085 0 166101569 7.90E-07 10 1.04E-06 1.03
4002.7682 -11 14 2 13 13 2 12  4,62E-04 3 2.3 1.01| 4088.0895 13 4 40 30 3 1.92e-0414 -0.8  1.00
4002.8612 -3 1% 1 13 13112 1,38:-03 2 1.8 1.01| 4088.12631 3 8 35 7 1 6 1.83k-02 2 -8.2 0.98
4002.96797 -4 13 3 11 12 3 10 1.83t-03 2 3.2 0.99]| 4103.8846 0 16 5 11 15 5 10 2.00E-06 10 1.6 0.82
4003.1785 18 6 6 0 6 4 3 2.09E-05 3 4.23£-05 0.77| 4104.10542 -4 9 45 8 2 6 2.93-03 2 -2.9 0.95
*4003.5893 28 15 1 15 14 1 14 1.81-03 4 3.9 1.07| 4104.76123 O 6 51 5 3 2 7.01-033 -1.7 0.90
4004.70534 -5 13 2 11 12 2 10 6.29E-04 2 5.1 1.01| 4106.02127 4 7 356 1 6 1.19e-02 2 -8.4 0.96
4005.48730 9 1138 1037 4.21-03 2 3.5 0.99| 4106.06338 0 7 4 4 6 2 5 1.39[-02 2 -1.0 0.93
4005.6792 0 14 8 7 1386 8,807 10 1.08:-06 0.76| 4109.55832 4 6 52 5 3 3 2.26E -03 2 -1.9 0.90
4005.9188 0 1486 1385 2.60E-06 7 3.23t-06 0.74| 4114.3785 43 9 55 9 1 8 2.60t-06 7 3.63t-07 1.69
4006.6311 -62 9 45 9 2 8 3.51-06 10 1.91E-05 0.78| 4121.37112 -11 7 5 2 6 3 3 2.37t-03 3 4.6 0.94
4008.57135 1 6 33 5 1 4 6.266-02 3 9.77e-02 1.06| 4123.5067 25 S 41 4 0 4 1.668-04 2 -7.8 0.90




Tabl e 8 conti nued

observed upper lower observed 8 observed upper lower observed
position o-c JKg Kc J Kg K¢ strength %s  (o-¢)X” R position o-c JKg Kc JKg Kc strength %s (o-c)%'R

4133.68342 -6 7 5 3 6 3 4 6.30£-03 2 0.6 0.89| 4275.68045 - 6 1 0 7 4 9 5 5 5.08 -05 3 1.7 0.70
4134.68756 -2 8 53 7 3 4 5.37-03 2 4.0 0.90| 4275.5598 15 8 & 4 7 0 7 1.31E-04 2 -6.9 0.81
4138.81884 8 8 2 6 7 0 7 T.5E-03 4 0.6 0.97| 4282.4365 -10 9 8 2 8 6 3 4.97e-05 2 5.64E-05 0.54
4139.39092 -2 9 3 6 8 1 7 2.06E-03 2 -5.3 0.95| 4287.8919 108 10 6 4 10 2 9 1.98t-06 3 1.31E-06 1.24
4141.92974 1 8 45 2?2 2 6 2.7TE-03 2 3.4 0.94| 4288.8047 -38 117 41055 2.58 -05 6 7.7 0.73
4146.34287 -2 9 54 8 3 5 1,206-03 2 1.1 OE-03 0.92| 4289.6067 11 1 2 58 1 1 3 9 4.78:-05 2 6.9 0.80
4147.9082 -22 9 4 6 9 0 9 4.80E-06 7 9.88L-07 1.94| 4290.7450 19 12 6 7 11 4 8 2.95£-05 3 2.43E-05 0.86
4149.51192 0 6 6 0 5 4 1 1.29-03 2 -5.6 0.81| 4290.8706 35 145913310 4.208 -06 4 1.21€-05 0.61
4149.7582 1 6 6 1 5 4 2 4.39%-06 2 -3.6 0.83| 4294.6472 16 11 7 5 10 5 6 6.926-05 3 -2.1  0.65
4153.34148 2 1046 9 2 7 1.36E-03 2 3.21-03 0.88| 4295.8137 -2 134912210 1.48:-05 4 1.73e-05 0.78
4154.58785 -11 8 3 6 7 1 7 2.12-03 2 1.9 0.96| 4302.8779 -5 12 7 5 11 5 6 2.84E-05 2 -1.2 0.66
4154.991 205 11 6 6 11 2 9 1.736-06 10 6.54E-07 1.84| 4304.27122 10 112910010 1.45-04 4 2.4 0.89
4159.17875 5 1055 9 3 6 1.89%-03 2 7.9 0.89| 4304.4493 0 10 8 2 9 6 3 3.41E-05 2 3.876-05 0.54
4159.34906 -2 8 5 4 7 3 5 1.46(-03 2 1.7 0.87| 4304.5859 0 1083 9 6 4 1.18-05 5 -9.3 0.56
4166.02205 14 6 4 2 5 0 5 5.758-04 2 -3.7 0.90| 4305.41132 2 123911110 1.70e-04 3 -8.2 0.80
4166.3218 82 6 51 6 1 6 3.00e-06 3 9.70e-07 1.81 [*4305 .5824 13 9 91 8 7 2 7.50-06 6 1.03:-05 0.37
4171.28862 -6 7 6 1 6 4 2 5.64E-04 2 -2.8 0.81| 4306.71776 2 11 3 9 10 1 10 4.156-04 3 -0.4 0.85
4172.33693 -11 7 6 2 6 4 3 1.68:-03 2 -2.8 0.80| 4313.1500 -lo 13 7 6 12 5 7 2.9%-06 6 -10.6 0.59
4173.642 40 11 5 7 11 1 10 2.20E-06 10 9.50£-07 1.57| 4313.6104 21 9 54 8 1 7 3.476-05 4 -2.0 0.72
4176.38253 3 11 5 6 10 3 7 2.73E-04 3 2.24-04 0.89( 4315.6224 1 12 7 6 11 5 7 9.10E-06 10 -3”"1 0.64
4181.47663 3 9 4 6 8 2 7 3.81-03 2 4.5 0.91| 4316.7269 28 12 4 9 11 2 10 5.88:-05 3 4.3 0.83
4187.34171 1 9 5 5 8 3 6 2.48E-03 2 4.8 0.87| 4319.6840 30 13 6 8 12 4 9 2.27-05 4 0.6 0.69
4191.15575 -14 8 6 2 7 4 3 1.46E-03 3 .6 0.81| 4320.2455 -7 14 7 7 13 5 8 2.90E-06 10 -2.4 0.65
4193.2018 104 5 5 0 4 1 3 4.36E-06 6 5.79e-06 0.69| 4325.4367 28 11 8 3 10 6 4 5.92€-06 4 6.82[-060.52
4193.87075 -1 11 4 7 10 2 8 2.1ME-04 2 2.99e-04 0.86| 4325.9190 -2 11 84 10 6 5 1.88t-05 3 -9.2 0.55
4194.55305 -4 1 0 3 7 9 1 8 1.93t-03 2 -4.6 0.91| 4327.5482 28 105510110 1.50-06 10 9.38f -07 1.40
4194.60363 0 8 6 3 7 4 4 4.8B3% -04 2 1.4 081(*4328.736 0 1091 9 7 2 B.16t-06 3 1.026 -05 0.41
4195.75054 -6 9 2 7 8 0 8 1.02-03 2 2.0 0.94| 4329.6129 15 135912310 4.05-05 2 4.3 0.76
4200.22452 0 12 5 7 11 38 2.64E-04 3 2.34E-04 0.87]| 4337.1753 -18 13 7 7 12 5 8 9.70E-06 4 1.9 0.66
4204, 84040 2 9 3 7 8 1 8 2.84E-03 2 3.0 0.93| 4339.9836 38 8 6 2 7 2 5 7.60£-06 7 1.036-05 0.45
42 07.6130 29 7 7 0 6 5 1 8.98.-05 2 9.996-05 0.68| 4342.9537 21 9 45 8 0 8 1.04E-05 2 1.25E-05 0.78
4207.6466 1 7 71 6 5 2 2.64E-04 2 3.00e -04 0.66| 4344.9933 39 12 8 4 11 6 5 9. 10£-06 10 2.8 0.61
4208.0678 1 9 6 3 8 4 4 3.,20e-04 3 2.2 0.80(*4345.933 89 10100 9 8 1 1.00E-06 10 1.25E-06 0.32
4214.1161 ?7 6 51 5 1 4 7.09-05 3 8.20E-05 0.74| 4346.4135 19 12 8 5 11 6 6 2.90E-06 10 -1.5 0.59
4216.4547 53 7 4 3 6 0 6 1.13t-04 2 -8.0 0.83| 4349.3375 12 14 4 10 13 2 11  1.07e-05 4 1.19£-05 0.76
4216.93279 -3 9 6 4 8 4 5 9.46E-04 2 4.1 0.81| 4351.149 0 11 9 2 10 73  1.34£-06 3 1.626-06 0.52
4218.25271 1056 9 3 7 3.8%-04 3 7.1 0.86| 4351.172 -17 11 9 3 10 74 4.03E-06 3 4.86E-06 0.51
4221.2894 -8 1064 9 4 5 5.18-04 3 2.9 0.78]| 4351.3318 -10 14 6 9 13 4 102.10t-06 10 3.5 0.69
4224.342?4 -1 10 4 7 9 2 8 5.05-04 2 3.6 0.87| 4356.2227 4 12 2 10 11 0 11  1.42e-04 2 -3.2  1.0?
4230.12354 6 8 7 1 7 5 2 3.23-04 2 -6.7 0.67| 4356.9320 3 9 6 3 8 2 6 5.158-06 3 9.9 1.21
4230.1679 -65 13 5 8 123 9  2.40E-05 3 1.94-05 0.99( 4357.4127 -18 12 3 10 11 1 11  &4.76E-05 2 2.1 1.02
4230.3114 0 8 7 2 7 5 3 1.08-04 3 -6.4 0.68| 4358.0278 -4 13 3 10 12 1 11  1.68£-05 2 -4.0 0.91
4231.2539 13 11 6 5 10 4 6 8.056-05 3 4.6 0.78]| 4359.933 0 14 7 8 13 5 9 9.00E-07 10 -2.5 0.69
4232.8820 47 8 5 3 8 1 8 4.80E-06 7 2.33t-06 1.57| 4363.0185 22 1 055 9 1 8 4.33&-05 3 1.3 1.10
4236.7925 -32 8 6 2 8 2 7 4.05E-06 3 2.11E-06 1.41| 4364.2786 18 13 4 10 12 2 11  5.25-05 3 4.1 0.92
4239.8814 7 12 66 11 4 7 1.00e-04 2 84 0.80| 4366.1566 -7 13 8 12 6 7 3.30e-06 10 2.7 0.62
4239.93337 -5 1065 9 4 6 1.59-04 3 1.8 0.76(*4369.3864 -188 11102108 3 1.14E-06 10 -4.1  0.52
4240.01445 7 752 6 1 5  4.93E-05 2 -9.5  0.74| 4371.7245 15 1451013311 3.60E-06 10 6.2 0.80
4242.88?206 O 124 8 11 2 9 1.89E-04 3 2.21E-04 0.86| 4372.6730 -7 12 93 11 7 4 1.86E-06 10 2.36E-06 0.45
4243.8558 82 5 5 1 4 1 & 1.36£-06 3 1.88£-06 0.54| 4379.6035 13 1064 9 2 7 1.61E-05 10 -4.8  1.05
4250.0893 -7 13 6 7 12 4 8 1.13t-05 7 8.9 0.78| 4385.6069 0 1561014411 1.606-06 10 0.8 0.72
4250.61852 -6 11 38 10 1 9 1.99t-04 3 -3.3  0.87| 4407.0689 79 13 211 12012 1.53E05 3 -3.7 101
4250.89157 -1 1028 9 0 9 1.17e-03 3 0.9 0.91]| 4407.6275 6 13 3 11 12 1 12 4.56E-05 2 -4.0 1.00
4251.5708 -16 9 7 2 8 5 3 8.47¢-05 2 2.1  0.69| 4408.7710 22 1431113112 1.26£-05 4 1.436-05 0.89
4252.30815 0 9 7 3 8 5 4 2.4BE-04 2 -4.1 0.67] 4409.7392 91 11 6 5 10 2 8 3.30F -06 10 -5.1  0.92
4252.36122 2 11 5 7 10 3 8 4.24E-04 2 4.4 0.81| 4411.760 68 14 4 1113 2 12  4.50£-06 10 -3.4 0.87
4255.7451417 1038 9 1 9 3.77e-04 3 1.8 0.88| 4415.099 -126 1551114312 2.80E-06 10 2.44E-06 0.87
4259.459 107 9 6 3 9 2 8 1,27¢-06 10 6.64£-07 1.52| 4421513 -87 11 5 6 10 1 9 3.80E-06 10 -3.2 1.02
*4259.562 112 8 8 0 7 6 1 6.126-0527.088 -05 0.54| 4448.227 193 12 6 6 11 2 9 4.07e-06 4 -5.6 0.86
4264.31728 0 11 6 6 10 4 7 2.09-04 3 39 0.76| 4457.0292 7 1421213013 1.25-056 1.44£-05 0.91
4264 ,9259 O 14 6 8 13 4 9 9.40E-06 5 86 0.76| 4457.2486 28 14 3 12 13 1 13 4.40E-06 4 -9.3  0.95
4269.76579 0 11 4 8 10 29 5.6%-04 2 7.3 0.87| 4458.714 8 1541214213 3.40E-06 10 -5.6 0.85
4271.40125 3 107 3 9 5 4 1.45E-04 2 -3.9 0.66|4488.6002 16 125711110 1.85-066 2.436-06 0.80
her2 8302 48 5 3 v 1 6 2. .2 108-04 2 1.70E-040.95] 4506.2247 215 3.13 _t_1 14 4.10f -0610 0.5 1.03

* asterisk denotes a doubled absorption withthe quantum assignment given for the stronger transition. The strength given
represents the sum of the strengths of the two coq‘;lwarab e transitions.

o-c are observed minus computedline positions in cm 'x 10”. Computed values derived from energy levels given in table 2 and ground

state levels given inref.16. Xs are estimated uncertainties in the measured line strengths given in percent

a. (0-c)% is the percent difference between the observed and computed line strength or the value of the computed strength if the
difference between the observed and conputed values is #212% or larger in magnitude.

R is the ratio of the observed line strength derived in this study to the computed value given in rg{. H

UL. upperlimit. Therewere no apparent absorption features in any of the spectra within $0.015 cm 'of the listed frequency.
The observed strength given represents the maximum strength the transition can have taking into consideration nearby absorption
features of other transitions and also the signal-to-noise ratio of the spectra.




Tabl ¢ 9. (bserved’ and conputed frequencies
of transitions in the (300)-(100), and (001)-(001)
bands of H,'®. Values in cm’.

J KgKe J KgKe band observed corrputed2 un A

110 101 (100)-(100) 18.037618 18.03743 9 19
313 2 2 0 (100)-(100) 6.570344 6.57019 8 15
4 1 4 3 2 1 (100)-(100) 12.811429 12.81131 6 12
4 2 3 3 3 0 (100)-(100) 15.970345 15.97037 7 -2
515 4 2?2 2 (100)-(100) 10.897115 10.89723 9 -11
110 101 (001)-(001) 17.488578 17.48851 10 2
515 4 2 2 (001)-(001) 10.7{5288 10.71537 8 -8

1.taken from Ref. 15

2. computed values were calculated from levels given in
Tsble 2 of the present study

un uncertainty of computed frequencies derived frgm estimated
uncertainties given in this study, Values x 10

A observed minus computed frequencies x 10°




9. J . -M F] aud and c¢. Camy-Peyret, "Vibrat ion-rotation intensities
i N 1,0-type mol ecul es appl | cat i On to the 2v,, v,, and v,
bands of wn,o," J. Ml . spectrosc. 55, 278-310 (1975%) .

10. a. -M ¥1 aud, C camy-reyret, 3. -Y. Mandin and G cGuelachvi 1 i |,
n}]2160 hot bands i n the 6.3 um regi on, " Mol . phys. 2, 413-426

(39-17).

11. P. E. Fral ey and K Narahari Rae, "High resolution spectra of
water vapor v, and v, bands of 11,°0, » J . M] . Spect.rose. 29,
348- 364 (1969) .

12. J.-M r1 aud, C camy-Peyret , and 3 . P. Mai 11 ard, "Higher ro-
vibrational levels of H,0 deduced from high resoluti on
oxygen-hydrogen flame Spectra between 2800- 6200 Cm |, »

Mol . Phys . 32, 499-521 (1976).

13. J.-M Flaud, C cany-pPeyret and R. A. Toth, WAter vapour
line paraneters frommcrowave to nediuminfrared (an atlas
of }1,60, 1,'"0 and n,"»1ine positions and intensities
between O and 4350 cm’') Pergamon Press, London (1981) .

14. L., S. Rothman, R. R. Gamache, R H Tipping C. p. rinsl and,

M A H Smth, b.C Benner, V. M Devi, J.-M Flaud, C. cany -
Peyret, A. perrin, A Goldman, S. T. Massie, L. R. Brown, and
R A Toth, "rhe HITRAN nol ecul ar dat abase: editions of

1991 and 1992, " J. oquant. Spectrosc. Rad. 7ransfer 48, 469-
507( 1993)




15. J. C. Pearson, T. Anderson, |?. Herbst , F. C. De luci a, and
P. Helminger, " Millimeter - and submi 11 imeter-wave spectrum
of highly excited states of water, " 1he Ast rophys. J . 379,
141-143 (1993).

16. k. A. Toth, "v, band of 1,%: 1 ine strengths and t ransit ion
frequencies, " Qpt. Soc. Am B 8, 2236--2255 (1991) .

/. R A moth, |'l,ine-frequency neasurements and analysis of N,0
bet ween 900 and 4700 cn'," appl. opt. 30, 5289-5315 (1991).

18. R A Toth, w"nine strengths (900-3600 cm|) , self-broadened
linewidths and frequency shifts (1800-2630 cm'') of N,0,"
Appl. OQpt. (in press)

19. R A Toth, “"Transition frequencies and absolute strengths of
B, 0 and #,"®0 in the 6.2-um region,” Opt. Soc Am B 9, 462-
482 (1992) .

20. R A 7Toth, "uHDY0, np'®, and up'o transition frequencies

and strengths in the v, bands," J. Ml . spectrosc. (in press).

21. R. A Toth, *p,%0 and p,"®o transition frequencies and

strengths in the v, bands," J. M. Spectrosc. (in press)

16




Tabl e 1.

spectra
range
(cm')

1300- 2300
1300- 2300
1300- 2300
1300- 2300
1900- 4506
1900- 4506
2900- 4200
2900- 4200
2819- 4356
2732-4364
2693- 4364
2622- 4457

Experi ment al

unanodi zed
resol ution
(cm'h)

0. 0052
0. 0052
0. 0052
0. 0052
0.011
0.011.
0.01.1
0.013
0.013
0.011
0.031
0.031
0.

conditions and extent of neasurenents

pat h
1 ength

(m)

25.
97.
193.
433.
433.
433.
2.39
2.39
25.
25.
76.
193.
433,

180

sampl e per cent abundance of
pressure I sot opi C_species
(1err) 1,'%0 1Yo 1,
0.92 99.6 0. 04 0.2
0. 86 99.6 0. 04 0.2
0.92 99.6 0. 04 0.2
0.87 99.6 0. 04 0.2
7.10 99.6 0. 04 0.2
13.1 99.6 0. 04 0.?
0. 34 99.6 0. 04 0.2
2.25 99.6 0. 04 0.2
1.18 99.6 0.04 0.2
3. 86 99. 6 0. 04 ().2
3. 86 99.6 0. 04 0.2
3.98 99.6 0. 04 0.2
_4.00Q 99.6 o. 04 0.2



~ Table 2. Rotational energy levels (em’') of the (001) and (100)
vibrational states of B,%0. Estimated uncertainties given in cm x 10°

(001 ) (100) J (001) (100)
0 0 0 3755.92870 3  3657.05325 4 8 0 8 4488.09062 4  4387.35751 4
1 0 1 3779.49311 8  3680.45376 4 8 1 8 4488.14578 11 4387.06300 5
1 1 1 3791.70093 2  3693.29355 3 8 1 7 4624.30288 4  4523.58902 4
1 1 0 3796.98162 6  3698.49119 8 8 2 7 4625.93701 3  4525.964?1 6
2 0 2 3825.21299 6  3725.94198 3 8 2 6 4725.06240 7  4672.90619 9
2 1 2 3833.57664 4  3754.89692 11 8 3 6 4741.06717 5  4643.99925 3
2 1 1 3849.38533 4  3750.46435 5 8 3 5 4792.34041 3  4689.32875 6
2 2 1 3885.75775 6  3788.69443 5 8 4 5 4851.53797 6  4756.39416 4
2 2 0 3887.11422 6  3789.96945 5 8 4 4 4861.80329 6  4769.03867 4
3 0 3 3890.82934 7  3791.37219 8 8 5 4 4976.04346 6  4889.45726 4
3 1 3 3895.58804 6  3796.53964 6 8 5 3 4977.04429 5  4889.40418 2
3 1 2 3926.86222 6  3827.39266 8 8 6 3 5122.34764 5  5039.62753 12
3 2 2 3956.66582 6  3858.87560 4 8 6 2 5127.39315 12  5039.64228 7
3 2 1 3962.91786 4  3864.76393 4 8 7 2 5289.95820 30  5213.26944 10
3 3 1 4030.06992 6  3935.21128 8 8 7 1 5289.95908 11 5213.26905 10
3 3 0 4030.30618 2  3935.34471 6 8 8 1 5475.75555 60  5406.54944 20
4 0 4 3974.63093 5  3875.01712 7 8 8 0 5475.75555 60  5406.54944 20
4 1 4 3977.26150 4  3877.57524 4 9 0 9 4661.42653 12  4559.70777 6
4 1 3 4027.80403 3  3927.80282 5 9 1 9 4661.44869 12  4559.75216 4
4 2 3 4050.05722 5  3951.31508 4 9 1 8 4816.99104 6  4715.96703 5
4 2 2 4066.12259 7  3966.55925 6 9 2 8 4817.7s589 9  4717.10461 6
4 3 2 4125.14872 8  4030.83894 6 9 2 7 4939.79434 4  4837.69978 6
4 3 1 4126.46347 8  4031.85365 5 9 3 7 4949.00314 7  4850.44146 3
4 4 1 4224.81693 3 4135.01768 7 9 3 6 5022.28141 2  4918.23499 7
4 4 0 4224.85102 5  4134.79853 5 9 4 6 5067.07693 6  4971.26084 5
5 0 5 4076.14331 4  3976.30815 4 9 4 5 5087.01723 3  4992.12177 7
5 1 5 4076.89596 4  3977.45648 7 9 5 5 5193.45776 5  5108.34945 3
5 1 4 4149.89929 6  4049.53617 8 9 5 4 5196.50066 3  5107.72929 4
5 2 4 4165.47381 6  4065.13191 6 9 6 4 5339.64148 3  5256.38163 8
5 2 3 4195.97099 6  4095.92000 6 9 6 3 5339.84344 5  5256.44877 5
5 3 3 4244.30477 5  4150.28751 10 9 7 3 5507.47502 7  5430.18095 10
5 3 2 4248.15255 6  4153.93818 5 9 7 2 5507.48766 30  5430.18387 8
5 4 2 4345.27209 6  4257.78684 4 9 8 2 5694.04822 15  5624.38695 30
5 4 1 4345.55921 4  4256.24135 4 9 8 1 5694.04822 15  5624.38751 10
5 5 1 4468.69337 4  4381.90422 8 9 9 1 5896.27261 12  5836.98595 30
5 5 0 4468.69782 6  4381.90416 4 9 9 0 5896.27261 12  5836.98595 30
6 0 6 4195.47731 5  4095.31532 7 10 0 10 4852.74921 6  4750.36230 4
6 1 6 4195.81813 4  4095.80333 6 10 1 10 4852.75541 6  4750.38793 6
6 1 5 4290.75709 5  4190.26218 4 1019 5027.25683 9  4925.78707 5
6 2 5 4296.56348 4  4199.39106 3 1029 5027.55965 11  4926.34709 3
6 2 4 4350.69939 6  4249.52445 4 1028 5171.06009 5  5069.08848 2
6 3 4 4387.23483 3  4292.90997 6 1038 5175.95530 2  5076.26623 3
6 3 3 4408.02888 4  4308.21134 6 1037 5275.63278 3  5169.03944 4
6 4 3 4490.0(401 5  4394.46445 3 1047 5304.72776 4  5207.80231 5
6 4 2 4491.36985 8  4401.94203 4 1046 5355.26311 4  5246.80043 7
6 5 2 4613.52648 7  4526.72000 13 1056 5434.48413 6  5334.98852 6
6 5 1 4613.57337 8  4526.72057 5 1055 5442.09797 4  5351.40879 5
6 6 1 4759.85270 6  4677.87650 25 1065 5580.81846 6  5496.98077 7
6 6 0 4759.85323 15  4677.87654 15 1064 5581.52502 5  5497.21555 5
7 0 7 4332.77392 8  4232.18458 3 1074 5748.66152 %  5670.61552 6
7 1 7 4332.91239 6  4?32.38433 6 1073 5748.69874 8  5670.63006 12
7 1 6 4448.97084 7  4348.41477 4 1083 5935.83153 50  5865.60411 40
7 2 6 4452.35282 3 4353.23147 6 1082 5935.83251 40  5865.60555 50
7 2 5 4527.94937 6  4426.06643 5 1092 6139.32411 25  6079.97815 20
7 3 5 4553.27562 5  4457.81876 3 1091 6139.32411 25  6079.97815 20
7 3 4 4586.68326 6  4484.99226 8 10 10 1  6355.73736 100  6264.74611 30
7 4 4 4658.97484 5  4563.98978 4 10 10 0 6355.73756 100  6264.74611 30
7 4 3 4663.15074 7  4572,44641 2 11 0 11  5062.01077 15  4958.90129 3
7 5 3 4782.66225 7  4695.83653 3 11 1 11 5062.01336 20  4958.93691 15
7 5 2 4782.92020 7  4695.83634 7 11 1 10 5255.20538 6  5153.18869 3
7 6 2 4929.06195 15  4846.77375 3 11 2 10 5255.34674 20  5153.53465 15
7 6 1 4929.06897 15  4846.77600 5 1129 5418.80354 7  5316.80441 7
7 7 1 5096.24545 10  5020.02627 10 1139 5421.267{9 3  5320.88911 25
7 7 0 5096.24550 30  5020.02641 10 1138 5543.63688 12  5439.05662 8
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14 1 13
1% 2 13
14 212

(001)

5563.39999 8
5631.83942 3
5698.48967 5
5714.53217 10
5845.65355 7
5847.70695 20
6013.36608 8
6013.51074 6
6200.89228 10
6200.89837 25
6405.51765 48
6405.51794 200
6623.67235 60
6623.67235 60
6852.16788 100
6852.16788 100
5289.15215 10
5289.15295 15
5500.85677 8
5500.91588 24
5683.33282 7
5684.53067 17
5830.25937 7
5841.86281 8
5933.54666 7
5984.67545 25
6013.44811 6
6133.77462 9
6138.88967 15
6301.40751 8
6301.87s48 22
6489.01121 20
6489.03947 30
6694.57864 60
6694.57915 30
6914.35?55 80
6914.35835 80
5534.11135 60
5534.11105 30
5764.18544 10
5764.20465
5964.91273
5965.47513
6132.64433
6139.02976
6256.02106 11
6292.11987 7
6336.03672 15
6444 .63535 9
6455.74234 9
6612.54852 12
6613.83569 15
6799.95736 13
6800.05109 60
7006.35900 500
7006.35900 500
7227.46421 300
7227.46421 300
5796.94279 22
5796.88679 10
6045.17201 12
6045.14246 12

N OO

6263.69938 8

Tabl e 2 cent.i.nued

(loo)

5465.05382 7
5524 .56942 16
5601.53158 8
5621.33471 30
5761.40271 10
5762.06031 12
5934.41955 20
5934.47791 10
6129.98144 40
6129.98391 10
6346.10897 60
6346.10897 60
6534.17631 60
6534.17631 60
6785.60036300
6785.60036300
5186.33752 8
5184.73448 6
5398.25055 40
5399.33075 50
5581.10963 11
5579.48982 18
5726.06246 7
5742.03722 15
5826.13442 8
5887.76596 21
5918.17321 80
6049.84891 6
6051.27307 10
6221.43163 10
6221.62338 10
6417.29637 15
6417.30549 50
6635.10944 300
6635.10944 300
6825.8W00 300
6825.89900 300
5429.11859 10
5429.12815 10
5662.47525 45
5660.40423 10
5862.33905 17
5862.46697 10
6028.85888 30
6037.87366 50
6148.68295 190
6194.30324 50
6241.53159 60
6363.56837 19
6365.37945 10
6531.47900 50
6532.02069 40
6727.31879 50
6727.35841 40
6946.69639400
6946.70165 400

5690.87849 50
5690.88001 40
5940.54255 300
5940.63751 10

6161.13327_50

J K Ke

14 3 12

14 3 11
1% 4 11
14 4 10
14 5 10
14509
14609
% 6 8
1478
1477
1487
% 8 6
1496
1495
15 0 15
151 15
15 1 14
15 2 14
15 2 13
15 3 13
15 3 12
15 4 12
15 4 11
15 5 11
15 5 10
15 6 10
1569
1579
1578
1588
1587
16 0 16
16 1 16
16 1 15
16 2 15
16 2 14
16 3 14
16 3 13
16 4 13
16 4 12
16 5 12
16 5 11
16 6 11
16 6 10
17 0 17
17 1 17
17 1 16
17 2 16
A7 2 15
17 3 15
17 3 %
17 4 14
18 0 18
18 1 18
18 1 17
18 2 17
18 2 16
18 3 16
19 0 19
19 1 19
20 020

(001 )

6763.92009 25
6451.08156 9
6454.13347 25
6596.27 248 13
6619.78911 15
6705.59388 30
67(7.52833 15
6798.71927 15
6946 .46300300
6949.58027 15
7133.48509 60
7133.78095 40
2340.18230 400
7340.19980400
6077.10477 50
6077.10477 50
6343.43385 20
6342.52789 20
6578.87025 10
6579.74043 6
6784.72742 15
6786.68839 10
6952.18899 20
6966.58408 15
7074.30900600
7131.63067 50
716734800600
7302.71938 50
7.$09.49260300
7489.30484 60
7490.10000 600
6375.05260 60
6375.05260 60
6659.44792 100
6659.44792 100
6912.56935 60
6913.06460 60
7135.32125 50
7136.37600300
7323.11014 50
7331.48610 300
7464.48532 50
7506.01800 600
7559.38665 70
6690.46970 60
6690.46970 60
6992.76200 150
6992.76226 150
7262.79975 50
7262.77922 150
7502.38500 600
7503.07197300
7023.28630 50
7023.28630 50
7343.34370300
7343.34370 300
7630.01370300
7630.00700600
7375.38810 60
7.$73.38810 60
7{40.68900 300
7740.68900 300

(1 00)

6160.37285 40
6347.16860400
6351.85515 20
6489.20200 500
6520.60730 40
6589.74543 300
6676.46991 15
6705.04620 50
6864.39533 40
6865.72802 300
7059.81262 50
7059.93346300
7280.59215 300

5970.20012300
5970.20012300
6238.21526300
6238.22050300
6474.70435 50
6475.43940 400
6682.00397300
6683.52400 500
6846.56082 300
6865.69900 500
6960.3867/ 300

7070.63936400
7220.23000 500
7222.96299300

6267.03550 25
6267.03550 25
6553.22400300
6553.22400 300

6581.27750 50
6581.27750 50




Tab] e3. Matrix elements used in the expansion of the dipol e monent
for B-type transitions o-f water vapor. -

3 n <J K|A' ()] I'K'>/<T K| (%) |I' K4 AK> AK =41
2 3 J1(I'41) 4 T (I41) (a)
3 1 K'2 4 K? (a)
4 ] K'? - K2 (a)
5 1 K'? - X2 — 2mn (a)
6 3 (K'2-K?) (K'?-K?-2m) (a)
7 1 J(J+1) - 2m(m-1)+(2m-1)KAK - KZ -1 (a)
8 3 [ (J '"~KAK-1) (J '-KAK-2) (J '+ KAK+2) (J '+ KAK+3) 2 ()
9 1 K'23' (3" 41) - K (J41)

30 1 K' - K

11 1 k' 2Ky rgv@avi1 ) + 3@

12 1 K'2(312431)?

13 1 K'é

14 1 K¢

15 1 K'23' (3'41)

16 1 K . g
17 3 J'(J'+1) if n=0 and J=K_ Or J'=K ', otherwise = O
18 1 J'(3'+1) if m=0and o=k or J'=K'-1, otherwise = O
19 3 J'(J'+1) if mro and J=K_and J '=x ', otherwi Se€ =0

@taken from rlaud and camy-reyret, ref. 9
J'-J = 0, 11
m = [J'(J'1) - J(J41) )/2

K'-K = nAK




Tab] e 4. Matrix el enments used in the expansion of’ the dipole nonent
for a-type transit tions of water vapor. °

j n <J K|A'"(§)| I'K'>/<T K|¢(z)|I'K> AK =11
2 0 J'(J'1) 4 J(341)

3 0 2K

4 0 m

5 0 2J(J3+1) - 2m(m-1) --2K'-1

6 2 AK[ (3 '-KAK-1) (J'+ KAK+2) 1% X F

7 2 2 (K+AK) [ (3'-KAK-1) (J '+ KAK+2) )* X F

8 2 2{ K-t AK(21-m) }[(3'~KAK~1)(J "4KAK42) 1* X F

a. taken from ¥l aud and camy-peyret, ref. 9
J'-J -+ 0, 11
m= [JY(I'41) - JT(J41))/2
K'-K = nAK

F = <J K|#(z)]| J'K>/<3 K|&(x)|T 'K+ AK>




Tab] ¢ 5. Dipole nonent
| east-squares fi.ts af
(100)- (010), (100) - (000
Resul ts der|ved

included i n the anal yses.

(100) ”(010) band

expan8| on coefficients derived from

%0 measured lines strengths in the

(001)- (010) |,
without Ferm and /or Coriolis
Val ues in Debyes.

(100)-(000) band

and (001)-(000') bands.

i nteractions

Flaud et al.b

j this work Flaudet ala ~ —cocommmes this work —————————————————
1 2.000 (25)E-02 2.20( 40)E-02 1.48(10)E-02 1.47(7)E-02 1.51( 3)E-02 1.469 (75)E -02
2 -3.67(369)E-06 -1.79 (569)E-06 -6.7( 573)E-06  -2.41 (89)E-05
3 8.4(141 )E-05 7.48( 500)E-04 1.8(193 )&-05 2.46( 275)E-04  3.50( 120)E-04
4 -4.78 (55)E-04 .1.1 0(41)E-03 -1.45 (68)E-03  -1.26 (34)E-03  -1.26 (B0YE-03  -1.35 (9)E-03
5 3.76( 165)E-05 4.84( 142)E-04  5.58( 261)E-04  4.53( 41)E-04 5.09( 62)E-04
6 6.42( 24)E-05 1.64(145 )E-05 -7.48 (544)E-05 -1.13 (60)E-04  -6.68 (107)E-05  4.90( 231)E-07
7 9.42( 286)E-06 -4.32 (219)E-05  2.2(108 )E-05 2.82( 149)E-05 3.60( 135)E-07
8  1.66(82)E-05 5.26( 188)E-06 -7.5( 432)E-D6  -2.17 (66)E-05
9 -1.95 (58)E-05 1.43( 172)E-05  5.(123 )E-06 -3.88 (65)E-05
10 7.00( 239)E-05 -1.12 (74)E-05 1.2(117 )E-05 6.32( 181> -05
11 B.8B(270)E-06 -7.98 (784)E-06 -5.2( 570)E-06 1.49( 37)E-05
12 -9.25 (426)E-08 1.06( 134)E-08  2.02( 279)E-08  2.30( 134) E-08
13 6.21( 183)E-06 1.9(676 )E-07  -5.4( 138)E-07 4.23(143)E-07
14 -8.64 (466)E-05 -8.4( 116)E-06 2.97(B68)E-05 -1.91 (145)E-05
15 1.09(35)E-05 -1.74 (124)E-06 -6.70(710)E-06 2.03( 316)E-06
16 -4.11(101)E-06 9.3(165 )E-08 3.2(178 )E-07 -9.52 (191)E-07
17 2.04( 191)E-05 6.5(421 )t-06 1.1(719 )E-06 -3.46 (144)E-05
18 -5.48 (945)E-06 1.3(189 )E-06  -1.3( 320)E-06  -1.95 (66)E-05
19  2.50( 115)E-05 -1.03 (146)E-05  3.2(215 )E-05 3.64( 337)E-05
uc 80 1 12 73 107
oxd 4.1 1.1 3.8 7.1 15.3
min v 1852.959 2002. 999 3028.237 3598.135 3500.873
max v 2238.941 2193. 038 3593.791 3844.404 4106.378
(001)-(010) band (001)-(000) band
j this work Flaud et at.® this work Flaud et al. ®
1 2.497 (3)E-02 2.670 (72)E-02 7.257(76)E-02 6.869 (130)E-02
2 -7.69 (656)E-07 7.61( 32)E-06
3 1.99(14)E-05 -8.49 (7)E-05
4 4.063 (39)E-04 1.86( 170)E-04 -1.478 (4)E-03 -1.146(210)E-03
5 1.92( 187)E-06 6.38(435)E-07
6 -1.59(8)E-04 5.05( 1)E-04 5. 00(110)E-04
7 -6.72 (206)E-06 -1.23 (3)E-05
8  1.9(715 )E-08 1.35( 2)E-05 3.8 I(110)E-05
uc 67 24 159
od 31 8.3 4.4
min v 1957.187 2026.939 3223.458
max v 2497.689 2276.708 4407 .627 - — .
a. Taken fromFlsaud et al., ref. 10. Valuesgiven above differ from those glven in ref. 10
for the (100)-(010) band in which the Fermi interaction between the (020) and (100) states
was removed.
b. Taken fromFlaud et al., ref. 9. Values given above differ from those given in ref. 9
for the (100)-(000) band in which the Fermi interaction between the (020) and (100) states
was removed.
c. N represent the number of line strengths used in the least-squares fit
d. 0% is the standard deviatie

% }on
U7 = {E1(Sobs"Seal 3/ Sphs) </
rnin and max v are given im cm

transitions used the [east-squares fits.

57§ult1n
x100 _ ‘0™ ‘he ‘east-squares f i t in percent.
and pertain to the minimum and maximum frequency range of

values given within parenthesis are estimated uncertainties in the last digit(s).




